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2 m UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Ky REGION ill

¢ pRov 841 Chestnut Building

Philadelphia, Pennsylvania 19107-4431

Reynolds Renshaw November 27, 1995
Environmental Strategies Corp

11811 Freedom Drive

Reston, VA 22090

RE: NCR Pilot Test
.Dear Mr. Renshaw{'

EPA and the Army Corp of Engineers have reviewed the "Phase
II Soil Vapor Extraction/Air Sparging Pilot Test" Report.
. Overall the report indicates that soil vapor extraction/air
sparging effectively removes TCE from the ground water. Our
specific comments are attached to this letter.

I feel the report provides sufficient information to prepare
an Explanation of Significant Difference (ESD) which would modify
the remedy identified in the 1991 Record of Decision (ROD). In
turn, I have started drafting an ESD and will recommend to my
supervisors that EPA issue an ESD to modify the remedy to include-
air sparging/soil vapor extraction for treatment of the ground
water east of the railrocad tracks.

Since the Prefinal Remedial Design is under review, I
recommend that you respond to the attached comments in a separate
letter. This response will be helpful in updatlng the
Administrative Record in preparation for the.issuance of an ESD.

As always, if you have any questions on this matter, I can
be reached at (215) 597-0910.

"Sincerely,

- ) /
A /é et Q 7&%
Katherine A. Lose '
Remedial Project Manager
General Remedial Section
Encl : '

Langsedar, DNREC
Rundell, EPA

Simon, EPA )
Chudnovsky, COE
Brewer, AT&T GIS
Doukas, 1st Nat Bank

ccC:

ZRCZEWU
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NCR MILLSBORO SUPERFUND SITE
PHASE II SOIL VAPOR EXTRACTION/AIR SPARGING ‘

PILOT TEST REPORT REVIEW

1. Page 5, Section 4.1 SOIL SAMPLING: Have grain size analyses
been conducted at depths other than from 34 to 38 feet bgs?
Analyses of the formation at the depths where sparge point
screens are placed (26.0 and 33.0 feet bgs) and where soil vapor
extraction well screens are placed (12.0 to 17.0 feet bgs) would
be useful information to have and report.

2. Page 5, Section 4.2.2 SOIL VAPOR EXTRACTION WELLS: Although
the information may be found in Appendix A, screen material and
slot size for the SVE wells should be stated in the text in this
section. Also, the rationale for the selected screen slot size
should be made clear in this section.

3. Page 10, Section 5.4 AIR SPARGING: Recommend using
consistent terminology in reference to SVE/AS locations. “AS1D”
is not shown in Figure 1. Is AS1D the same location as AS1,B?

If so, recommend changing for consistency. The same applies for
AS18 (AS1,A ?) in the third paragraph.

4. Page 13, Section 6.0 CONCLUSIONS: The groundwater
experienced mounding of up to 1.5 feet due to the SVE/AS system
being turned on as discussed in Section 5.6. The potential for
spreading existing TCE contamination due to the mounding effect
should be discussed in the conclusions before stating that, since
SVE/AS was demonstrated to transfer TCE from the agueous phase to
the vapor phase and subsequently be extracted through the SVE
wells, SVE/AS is an effective technology for remediating the
contaminated groundwater at the site.

5. . Figure 4, BORE HOLE SOIL LOG: Recommend specifying sample
depths bgs of the different stratigraphic units on the log for
the sampled borehole (BH). As is, for example, one can observe

that the first appearance of clay is at a depth of between 30.0
and 32.5 feet bgs based on the scale provided, but must guess at
a precise depth. ‘

6. On page 2 under Section 2.2 (Site Geology) on the 3rd line,
does below grade mean below ground surface? Clarification is
needed on this.

7. On page 3 under Section 3.2 (Technical Approach), it is
unclear from the middle of the 1st paragraph and on, where it
discusses the issue of various permeabilities causing horizontal
channelling, and using hydraulically driven probes. It may be
beneficial to briefly mention specific problems that resulted
from the horizontal channelling during the 1st pilot study, and
give a 1 or 2 sentence description on how hydraulically driven
probes will avoid these problems. -

8. On page 5 under Section 4.2.1 (Air Sparge Well), in the 1lst .
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paragraph, 3 clusters are mentioned, and then only 2 are
described, so what about the 3rd well cluster?

9. On page 7 under Section 4.3.2 (Dissolved Oxygen, pH, and
Redox Potential Measurements) in the 1lst paragraph on last line,
is this MW30A the same as W30A near the tree line in Figure 1°?

10. On page 7 under Section 4.3.5 (Vapor Sampling) on the last
line, the ppb should be noted as either by volume or by welght
Here, this ppb is by volume presumably.

11. On page 8 in the 1st paragraph, the EPA method for VOC
should be SW8260. In addition, for the chromium, the furnace
method should be used vice the direct aspiration method, i.e.
218.1 should be replaced with 218.2. In terms of the SW-series,
the chromium method should be noted as SW7191. Furthermore, a
more specific reference for 312B is needed. 1Is this the
.chelation, coprecipitation, colorimetric, or the direct pulse
method, in the SW 7195-7198 methods? -

12. On page 9 under Section 5.2 (Soil Gas Survey), comment 10
above applies to the ppb concentrations, presumably these are by
volume. In addition, in the 2nd paragraph, the results from the
final survey on the TCE concentrations ("decreased to levels
between 0 and 5 ppb") should be shown in a table comparable to
Table 2 for the TCE bcakground levels. ‘

13. On page 9 under Section 5.3 (Radius of Vacuum Influence) in
the 1st paragraph (6th line), "1.8" should read as "1.0". "1.8"
seems to be inconsistent with Table 3. In addition, in the 2nd
paragraph in the last sentence concerning air flow into the
unsaturated zone, this seems to only hold true for the August 30
SVE01l run (see Table 3).

14. On page 12 in the top paragraph, "29" should read as "37" in
the 2nd line (see Table 11, last column). In addition, the
sentence that states that "The results show a reduction in TCE
concentration in all samples analyzed" does not apply to PMP-06E,
so that should be noted.

15. In Table 3, does NR (No Reading) mean not detected?

17. 1In Table 12, it seems that the PMP-07A and PMP-07B rows were
inadvertently switched, based on the numbers given in Appendix D.

18. In Table 14, hexavalent chromium should be noted.

AR3 10314
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NOTICE

This report has been reviewed in accordance withthe U.S. Environmental Protection Agency’s peer and
administrative review policies and approved for publication. Mention of trade names of commercial products
does not constitute endorsament or racommandation for use.
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FOREWORD

Today’s rapidly developing and changing technalogies and industrial products and practices frequently
carry with them the increased generation of materials, that, if improperiy deait with, may threaten both
human heaith and the environment: The U.S. Environmental Protection Agency (EPA) is charged by
Congress with protecting the nation's {and, air, and water resources. Under mandate of nationai
environmental laws, the agency strives 1o formuiate and impiemernt actions leading to a compatible balance .
between human activities and the ability of naturaj resources 1o support and nurture ife. These laws direct
the EPA to perform research to define our environmental problems, measute the impacts and search for
soiutions.

-~ The Risk Reduction Engineering Laboratory is responsible for planning, implementing and managing
research, development, and demonstration programs to provide an authoritative, defensible engineering
basis in support of the policies, program and reguiations of the EPA with respect to drinking water,
. wastewater, pesticides, 10xic substances, solid and hazardous wastes, and Superfund-related activities. This
publication presents information on current ressarch efforts and pmvidesavital communication link between
the researcher and the user community.

The impacts associated with uncontrolled releases of petroleum hydrowbons from underground
storage tank systems present a major concem to the Risk Reduction Engineering Laboratory. Air sparging,
an innovative technoiogy, is being usad at increasing numbers of sites 10 remediate impacted groundwater
and soil In the saturated zone. This document provides general information on air sparging technology for
remediating soils and groundwater contaminated with petroleum products. It also identifies the research
needed to advance the development and application of this innovative technology.

E. Timothy Oppait, Director’
Risk Reduction Engivneering Laboratory

tit
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ABSTRACT

Alr sparging, aiso called "in situ air stripping’ and *In situ volatilzation® injects air into the saturated zone
to strip away volatile organic compounds (VOCs) dissoived in groundwater and adsorbed t¢ sod. These
volatile contaminants transfer in a vapor phasa to the unsaturated zone where soil vapor extraction (SVE)
can then capture and ramove them.: In addition to removing VOCs via mass transfer, the oxygen in the
injected air enhances subsurface blodegradation of contaminants.

The design of an air sparging system requires system component compatibility, optimal selection of
. blowers, efficient well configuration, and appropriate air emissions treatment. The tachnology can treat soil

and watsr contaminated by gasaline, solvents, and other volatie compounds. Alr sparging systems, aiways
coupled with soi vapor extraction, provide control of the subsurface air flow. Proper hydraulic control
prevents the migration of contaminants. )

Alr sparging is a relatively new treatmernt technology. Research efforts have not yet flily elucidated the
scientific basis (or limitations) of the system, nor compietaly defined the associated engineering aspects.
However, a substantial body of available inforrnation describes the effectivenass and characteristics of air
sparging systems. This document summarizes the avaiable literature and addressas case studies of
practical air sparging applications. It aiso identifies needs for further research.

This report covers research done between June and August of 1991. The work was completed in Aprl
1992
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' SECTION 1
INTRODUCTION

The U.S. Environmental Protection Agency (EPA) through the Hazardous and Solid Waste Amendments
of 1984 (HSWA) and i#ts land ban reguiations, has encouraged the use of remedial action aftematives to
excavation and land based disposal of contaminated soils resuiting from leaking undergiound storage tanks
(USTs). |

EPA, through its Risk Reduction Engineering Laboratory’s (RREL) Releases Control Branch (RCB), has
initiated research and developmént efforts to expedite the remediation of contaminated scil impacted by

" leaking USTs. This work Includes the investigation of emerging and innovative remedial technoiogies, such

as air sparging used in combination with soil vapor extraction (SVE), as alternatives to pump-and-traat
technology. '

PUMP-AND-TREAT

Pump-and-treat processes have comprised a primary form of groundwatEr remediation. They employ
groi.mdwatef extraction waells, a groundwater treatment system, and a discharge location for treated water.

‘The treatmant system for volatie organic compounds (VOCs) typically consists of air stripping and carbon

adsorption equipment. In designing pump-and-treat systems, the remedial manager may experience
difficulty in obtaining the required state and local permits for discharging the treated water. Several states
restrict recharging traated water back into the aquifer; they make obtaining a National Pollution Discharge
Elimination Systern (NPDES) permit for surface water discharge a long, difficuit process. in addition, further
restrictions limiting aquatic toxicity apply to surface water discharge.

Several factors control the effectiveness of pumg-and-treat éystems. such as the following rates:

‘e withdrawal of water from the ground
. contaminant diﬁusion“
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. desormption and dissalution of contaminants
. dissolution of non-aqueous phasa liquids (NAPL)

Pump-and-reat is a siow method of remediating groundwater, with pradicted clean-up times ranging
from 10 to 30 years, or even longer due to the presance of NAPL and other physicochemical limitations as
stated above [Mercer et al. 1990]. These long clean-up times increase costs for extraction, water treatment,
and monitoring. Such limitations have promoted great interest in technologies which can achieve
concentration goals in significantly less time than pump-and-treat. Sites treated with air sparging have
achieved clean-up levels in time periods less than that expected via pump-and-ireat systems.

AIR SPARGING SYSTEMS

This innovative technology sends air into a conaminatad aquifer in order 10 forca poliutants to isave
subsurface soi and groundwater for sod pore spacas, where SVE can ramove them. SVE systems always
accompany air sparging treatments becausa thay can capture the VOCs that air sparging strips from the
saturated zone.

REPORT FORMAT

To accommodats the raader with a specific irtarest, the report will cover six different facets of air
sparging as an innovative treatment for sod and groundwater contaminated by leaking USTs:

e a process description of air sparging and a review of the literature on the subject
. the components of the system and the factors that affect their performance
. case studies of documentad applications
° theprocéssdesign
s the economics of implementing air sparging
. the need for future resaarch in this innovative area

Much of the information presanted in this report emerged from a review of avaiable Iiterature on air
sparging technology including case studies and theorstical papers presenting procass mechanisms. The
raport describes air sparging system components, discusses the subsurface mechanism controlling the
system’s effectiveness, and outlines the various factors determining its applicability at a particuiai site. It
also compares air sparging to conventiona! pump-and-treat treatment for groundwater remediation.
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A case study saction synopsizes over 20 air sparging applications, focusing on five which highlight
various remedial conditions and the resuits achieved. Naxt the report describes the process layout and

equipment requirements for an air sparging system. This section addresses comtaminant removal and
system performance.

A costs section presents capital, operational, and monitoring costs for soil vapor extraction and air
sparging systems. It also provides costs for vapor emissions treatment and other significant cost factors
associated with air sparging technoiogy. ’

The final saction forecasts the data and resaarch efforts that are needed to further advancs this

technology and its appiication to the remediation of soi and groundwater impactad by the release of
petroleum products from leaking USTs. ‘ '

AR310328



. SECTION 2
AIR SPARGING

PROCESS DESCRIPTION

Alr sparging, also called "in situ air stripping” and ‘In situ volatiiization,” is a technology utiized to
. remove VOCs from the subsurface saturatad zone. It introduces contaminant-free air into an impacted
aquifer system, forcing contaminants to transfer from subsurface soil and groundwater into sparged air
bubbles. The air bubbles are then transportad into soi pore spaces in the unsaturated zone where they can
be removad by SVE.

Ajr sperging systems must operats in tandem with SVE systems that capture volatie contaminants
stripped from the saturated zone. Using air sparging without accompanying SVE could create a net-positive,
subsurface pressure extending contaminant migration to as-yet-unaffected areas. Thus the treatment could
incraase tha overall zone of contamination. Without SVE, uncontralled comtaminated soi vapor couid aiso

flow into buildings (l.e., bésements) or utility conduits {Le., sawers), craating potential explosion or heaith
hazards. )

REMEDIATION MECHANISMS

The SVE systern alone may affect the rate of volatization of VOCs from the saturated zone [Mariey,
Walsh and Nangeroni, 1950]. However, transport of immiscible contaminants from the saturated zone to
tha vadose zone necessitates channeling them to the ar/water iterface for removal by an SVE system.
Thus, the rate of contaminant transport from groundwater to sofl vapor phasa has increased with the
addition of air sparging to an SVE system.

The effectiveness of combined SVE/air sparging systems resuits from two major mechanisms:
comaminant mass transport and biodegradation. Depending on the systern configuration, the operating
parameters, and contaminamt types found on-site, one mechanism usually predominates. In both
remediation mechanisms, oxygen transport in the saturated and unsaturated zones piays a key role.

4
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- . : : {
Nthougﬁ the exact nature of the saturated zone vapor phase is not completely understood, sparging seems

10 create air bubbles, which move through the groundwater to the unsaturated soi, like bubbles in an
aeration basin [Ardito and Bilings, 1990; Brown and Fraxedas,1991]. Other theories trace the movement
of air through in'egdar pathways in the saturated zone and, ultimately, 1o the surface of the water table
[Middleton and Hiller, 1990). These theories suggest that the air wouid move as pockets through soi
pathways, rather than forming bubbles, becausa groundwater travels in a porous medium.

The nature of air transport affects mass transter to and from the groundwater regime. Bubbles exhibit

higher surface area for transfer of oxygen to the groundwater and for volatie migration to the unsaturated

zone, than the area provided by continuous, ireguiar air-flow, pathways.
&mlr_tmf_e!

Mass transfer employs several mechanisms that move contaminants from saturated zone groundwater
to unsaturated soi vapors. Figure 1 lustrates the following major mechanisms: (a) dissolving soil-sorbed

_contaminants from the saturated zone to groundwater; (b) displacing water in soil pore spaces by

introducing air; (¢) causing soil contaminants to desorb; (d) volatiizing them, and (e) enabling them to enter
the saturated zone vapor phasa. Due to the density difference between air and water, the sparged air
migrates upwards in the aquifer. The pressure gradient resulting from the creation of a vacuum in the
unsaturated zone pulls the contaminant vapors toward and into the SVE wells.

The action of the air passing trwough the saturated zone in response to sparging leads to turbulencs
and mixing of the groundwater. This in tum increases the rate at which contaminants adsorbed to the
saturated zone soils dissolve into the groundwater. Light non-aqueous phase liquids (LNAPLs) floating on

. the water table are also subject to increased rate of transfer to t_he unsaturated zone because they are

volatilized by the air sparging process.
In summary, air sparging increases tha speed at which the following 6cwr:
e voiatiization of contaminants from the groundwater to the vadose zone;

" o desorption and dissolution of adsorbed contaminants from the soil into the groundwater; and
o dissolution of NAPLs due to mechanical mixing. ‘
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The mass transfer of contaminants may be further enhanced by heating the air prior to sparging. The

: ingreaée in air temperature will increase the rate of volatilization of contaminants.

Biogegradation Mechanism

Asrobic biodegradation of contaminants by indigenous microorganisms requires the presence of a

_carbon source, nutrients, and oxygen. Air sparging increases the oxygen content of the groundwater thus
- enhancing aerobic biodegradation of contaminants in the subsurface. Certain organic contaminants, such

as petroleum constituents, sefve as a carbon sourcs for microorganisms under naturally occurring
conditions. The rate of biodegradation can be enhanced by optimizing nutrient status of the system.

Remediation of an aquifer via tha blodagradation mechanism has distinct advantages since a portion
of the contaminants will be biologically degraded to carbon dioxide, water, and biomass - yielding a lower
level of VOCs in the extracted air. This in turn can substantially reduce vapor treatment costs. The

- possibility of off-site contaminant vapor migration is also reduced when sparged vapors entering the vadose

zone contain lower levels of contaminants.

Certain contaminants, such as chiorinated solvents, can undergo blodegradation under anaercbic
conditions. Alr sparging, in these instances, could adversaly affect this biodegradation process.

TECHNOLOGY APPLICABILITY

Although 'air sparging isa 'r'eflaiiveiy new technoiogy for contaminated subsurface soil remediation, it

" has been applied at hundreds of sites in the United States and Europe since 1985. However, the design

of these systems has been, for the most part, empirically besed [Marley, 1991].

The efféctiveness of air sparging depends on various site conditions. Table 1 lists these factors, which
are discussed below. ' '

h to Groundwat

Air sparging has been effective in an aquifer 150 ft below surface {Looney, Kaback and Corey, 1991}.

‘There appears to be no depth limit at which air sparging would not be effective, but significant cost

implications may accompany the instaliation of an air sparging system in a very deep aquifer. However, a
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TABLE 1. CONDITIONS AFFECTING APPLICABILITY OF AIR SPARGING

. :
Alr sparging Favorable Unfavorable
applicability factor conditions conditions
Depth to groundwater >5ft <3 ft
Volatiity of contaminants High volatifity | Low volatiity
Solubility of contaminants Low solubility High solubility
Blodegradabiity High biodegradabiltty Low bicdegradability
Permaability >10° ecm/sec ; <10° em/sec
Aquifer type Unconfined Confined
Soi type Sandy sols Clays, high organic soils
Presance of LNAPL None or thin layer Thick layer of LNAPL
Bedrock aguifer oomagnation Highly fractured bedrock Unfractured bedrock

water table located at a shalow depth (<5 ft), may increase the difficulty of recovering vapors with SVE
it could release VOC emissions 10 the atrosphere. Capping such a site with pavement or other impervious
material might reduce atmospheric emissions.

Volatility of Contaminants

Enhancing mass transfer of contaminants from the soil and groundwater into the vapor phase, a key
mechanism of the aic sparging process, requires highly volatiie contaminants. Volatility is directly related
to the Henry's Law Constant of a compound and its vapor prassure - the higher the Henry's Law constant,
the higher the volatility. In general, compounds which are effectively removed from contaminated watar by
air stripping are sufficiantly volatile for adequate air sparging treatment. Compounds' with Henry's Law
Constants of 10° atm-m®/mole or greater can be air stripped or sparged [Brown et al., 1991]. Due !0 their
high volatility, petroleum compounds (e.g.. benzene and toluene), and solvents (e.g., trichloroethylene) are
very amenable to air sparging technology. '
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Solubil £ mi
The soiublity of a contaminant in water determines its ability to be stripped by air sparging. In general,
the more soluble a contaminant s in watet, the greater the difficuity there is in using air sparging.

Bi ility of Contaminant

Since biodegradation is enhancaed by air sparging, compounds that are readily aerobically degraded
are amenabie to remediation by air sparging. Biodegradation of petroleum hydrocarbons, such as those
found In gasaline and diesal leaks from USTS, has been significantly increased with air sparging. Prior to
designing an air sparging system for bioremediation, electroiytic respirometry shouid be used to analyze
samples of the sols and grouncwater. This will make it possible to gauge the effectiveness of the
indigenous microorganisms and their energy sourcas to metaboliza the petroleum hydrocarbons.

il Permeabit -

~ Seil permaabilty, which maasures the ease of fluid flow through the soil column, is a critical parameter
in the design of air sparging systems. Injected air must flow freely throughout the aquifer to achieve
adequate removal rates. In mast aquifers, horizontal permeablity is greater, by a factor of ten, than vertical
parmmeablity. Successtul sparging systems require air flow in both horizontal and vertical directions [Brown
,andFraxadas. 1991). Venlealﬂownspamwadyunpmamsineemeeomanﬁnammnugratemm
vadose zane for remaval by SVE.

if the geology restricts the vertical flow, contaminants may migrate laterally into prewwsiy
uneontamsnated areas. Hydraulic conductivity of 0.001 cm/sec or greater is required 1o obtain sufficient
subsurfacs air flow [Middieton, 1990]. Bench-scale axpenments have shown coarse sand (dy, = 0.8 mm)
forming the dividing lin between soiis, which permits injected air to rise by hydraulic uplift alone from soi
that required additional pressure to inject air and through which air psaped at only a few points {Wetrle,
- 1990].

Duetothehetafogenei:ydsoisatansites.itmybeneoesarytoconcemiateweusmareaswﬁh

lower permeabilty: The spacing of the wells depends on the radius of Influence. In general, highly
permeable sois will have larger radii of influence and higher air flow rates than iower permeable soils.
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Screen placement requires a good understanding of the stratigraphy of a site. Well layout should overiap
the radii of influence. This will ensure the treatment of all soil areas.

Clogging of the injection well screen or the aquifer in the vicinity of the sparging weils could reduce
permeability and, therefore, decrease the effectiveness of the method. Clogging may result from enhanced
bacterial growth under increased oxygen levels. in addition, oxidation at sites with high iron and manganese
levels could cause further clogging. Some applications have injected nitrogen instead of ambient air to
minimize problems associated with fouling [MWR, 1990}. However, the use of nitrogen aiso prevents the
enhancement of aerobic biodegradation.

Confining Lavers

Some air sparging proponents point out that it can only achieve success at sites with water table (l.e.
unconfined) aquifers. Confined aquifers, where a low permeability layer lies above the water-bearing zone,
would inhibit the fliow of air upward from the saturated zone to the vadose zone. The injected air in these
situations wouid flow radially away from the injection point; the vaper extraction system would not recover
t. Such a situation could build up pressure in the aquifer.

For unconfined aquifers, stratigraphic layers with different perrﬁeabilities will also affect air and water
flow patterns as well as influence the air sparging system. In such situations, optimal air flow will occur in

the more permeable 2ones (Wehrie, 1990]. Alr flow may travel herizontally away from the injection point
and create a wider zone of influence than would otherwise be expected [Bohler et al,, 1920).

Soil Characteristics

Alr sparging systems are most applicable for sites with sandy soil, due to its permeability. Sail
containing a large organic carbon fraction may impede the desorption of volatile organic contaminants, thus
reducing air sparging effectiveness. In extraction wells, the presence of a large amount of monomers in the
soil may cause clogging of well screens possibly due to polymerization.

Presence of LNAPL

Low-density (or light) nonaqueous phase liquids (LNAPL) floating on the water table presents a
particular problem during air sparging. As Figure 2 shows, the air sparging action creates a mounding effect

10
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in the proximity of the sparge weil. [n sites with steep hydraulic gradients, this mounding effect may be
sufficient to move a plume of LNAPL, possibly comaminating ciean areas. Whie it is possible to prevent
the plume movement by modulating the sparged air pressure, it is more important 1o recover the mobie
portion of the LNAPL to a residual saturation phass.

mi in it

The effectiveness of air sparging hinges on the mass transfer of ak to the groundwater and movement
of the contaminants’ vapor through the saturated zone upward into the unsaturated zone where they can
be extracted. Unless the rock formation is highly fractured, with fractures vertically oriented, this technology
will not provide sufficient mass transfer to effectively ramediate a bedrock aquifer.

In addition to the possibiities of cloggad wall screens resuiting from oxidation of metals in groundwater
and the growth of bactaria previously discussed, precipitation of matals can also be an inhibiting factor.
Since ambiert air contains carbon dioxide, calclum carbonate precipitation may occur in some agquiers

during air sparging. This may aiso reducs the air flow through the system.

minant ti

Alr sparging targets contaminants in the saturatad zone and the capilary fringe. For compounds with
a density lass than water such as many petroleum constituants, much of the contamination may lie in the
capillary fringe and just beiow the water table, depending on such factors as water table fluctuations, the
amount of product released, contaminant density, and contaminant soiubility. Dense non-aqueous phasa
liquids (DNAPL), such as trichiorosthylens, often migrats through the aquifer to a lower confining unit and
to greater depths. For dissolved contaminants in the aqueous phase, groundwater flow and direction wil

control the distribution of contaminants throughouwt the site. Depanding on soi characteristics, air sparging
would remediata DNAPL-contaminated soi as well.

mbination with Technologi

Alr sparging is always used In conjunction with SVE. The implementation of SVE addresses the vadose
zone contamination, and incorporates air sparging wells to treat saturated zones.

12
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Groundwater extraction at air sparging sites may serve as a hydraulic control. Injectad air may mobilize
contaminants adsorbed to sol, either by displacement from the soil matrix or through increased dissolution
6! the adsorbed comaminant (hto the groundwatsr during mixing causad by air injection (Middleton and
Hiller, 1990]. If this occurs and the rate of volatillzation is insufficient, downgradient groundwater
concentrations could actually-increasa. Alr sparging may have fallen into disfavor in Germany due to
increasad downgradient dissolved contamination [Brown and Fraxedas, 1991]. To prevent this situation,
a groundwater pumping system could hydraulically contain the site groundwater flow. ’

13
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SECTION 3
AIR SPARGING CASE STUDIES

Alr sparging technology is a relatively racen: remediation method, applied at contaminated sites only
within the past half decade. Early appiications of this technique apparently occurred in Germany during the
. mid-1880's [Middleton and Hiler, 1990]. Due to tha technology’s short track record, the delay in pui:ushing
the resuits of fleld work, and the reiuctance of some experts in revealing details about the technology for
proprietary and competitive reasons, a relatively sparse body of informnation is avaiable on air sparging.
With increased application, the quantity and quality of this data should Improve, disseminating heipful
information to the remedial community. -

Not surprisingly, documented air sparging experience has not been limitad to one chemical group or
soi type. The sites vary in contaminant treated, soi type, geclogical features, additional techniques used
at the site, and other factors. A study of thesa sites, however, reveals that some share common
characteristics, from which important insights can be drawn.

~

AIR SPARGING EXPERIENCE

Reviews of casa histories for air sparging sitas and visits to active sites in New Mexico contributed to
the preparation of this report. A summary of the information gathered during these activities follows below.
Table 2 lists 21 sites remediated by air sparging. it provides data on sol types, contaminamt types,
groundwater concantrations (initial and final), and the time needed to achieve thosa final levels. Table 3
presams construction and operations information for these case studies. Brief treatments of fo'ur case

studies from the United States and nine European installations wil Hlustrate how air sparging successfully
remediates the saturated zone. ‘

14
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At the sites studied, air sparging has been used exclusively 10 treat VOCs, including petroleum
constituents and chiorinated salvents. Gasaline and industrial solvent applications targeted trichicroethylene
(TCE) and perchioroathylene (PCE). In many instances such contamination originated in releases from USTSs
at service stations, tank farms, dry cleaners, manufacturing plants, and other industrial faciities. Among the
casa histories reviewed, nine sites were contaminated with gasaline, and tweive wera impacted by the
releasa of solvents. One of the nine gasoline-contaminatad sites contained both gasciine and diesel fuel
contamination. | '

ntaminant Magn

" Table 2 lists the initial contaminant concentration for each case history site. There appears to be no |
" upper limit for expectations of air sparging effectiveness. Indeed, as the contaminant levels increass, air
sparging should excaed the resuits achieved by groundwater pump-and-ireat approaches, since the
volatilization mechanism ;epends on a concentration gradient between the groundwater concentration and
. that of the (contaminant-free) introduced air.
Soil Characteristics
Like many in sity remediation technologies, the effectiveness of air sparging is significantly affected by
soil characteristics. Table 2 shows the sol properties found at each site listed. Most of these sites
contained permeable soi types, such as sand, silt, and gravel. The Nordrhein, Westfalen site presanted
fractured limestona. Such sites, with highly fractured rock formations, may also provide sufficient

~ permeability for air sparging application, as noted before.

Depth to Gro ter T:

Air sparging has operated at sites where the depth to groundwater ranges from just two ft [Harre;os.
1989] to 135 ft [Looney, 1981). Most of the sites studied, however, measured this depth from 8 to 20 ft
(Table 3). '

15
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CASE STUDIES

At many sites, the air sparging application has followed limited success with groundwater pump-and-
traat opgrations {Mariey, 1990; Ardito and Billings, 1990; Middlaton and Hiler, 1990]. In effect, thess sites
wers "retrofitted” with air sparging in the hopes of expediting the cleanup and achieving goals in a matter
of months rather than years. In many cases, thess goals have been mat - with saveral sites completing site
closure. At most of these sites, SVE addressad vadoss 2one contarmination; air sparging treated saturatad
zone contaminants. The following casa studies (four in the United States and nine in Europe) describe sites
whefe air sparging was successful.

Case Studies in the United States

Gasoline Service Station, Rhode Isiand— ‘

A groundwater pump-and-traat and product racovery system, which was iniially implemented at this
gasaline spil site in Rhode isiand, proved inadequate to meet the closure criteria established by the Rhode
isiand Departmert of Environmental Management [Marey, 1991). In addition to groundwater
extraction/treatment, a soi gas containment system was institutad to control the migration of gasoiine
vapors into nearby basements. The vapor containment system was subsequently upgraded to a soi vapor
extraction/air sparging systam by incraasing vapor extraction fiow with air injection into the saturated zone.
A cost/benefit analysis was perforrned on three respective treatment schemes: two groundwater pump-and-
traat processes and an air sparging procass to be used in conjunction with the existing soil vapor extraction
system. A gaciogical study of the site showed fine to coarse sand and some fine to medium gravel; sol
analysas ravealed low levels of weathered gasoline constituents.

Basad on the resuits of a pilot study, a full-scale air sparging system was designed. It empioyed saven
shallow and six deep injection wells, with two vapor extraction wells. Pretreatment concentrations of
benzene, toluene, ethyl benzene, and total xylanes (BTEX) in groundwater measured as high as 21,000 ppb.
Full-scale air sparging treatment over a 60-day period lowered BTEX concentrations to lavels weil below the
established closure criteria (only hundreds of ppb).

Dry Cleaning Facility—
*A vapor extraction/air sparging treatment system was designed to remediate soi and groundwatar

contaminated by leaking USTs at a former dry cdeaning faciity. Groundwater contaminants included
perchiorosthylene (PCE), trichioroethyienas (TCE), dichioroatitylane (DCE), and total petroleum hydrocarbons.
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The subsurface environment consisted of miscellaneous occurrances of fill material sporadically overlying
a continuous sheet of naturaily occurring Quaternary sediments {Brown, 1991]. A naturaily existing barrier
locally minimized the potential for downward migration of diésdved-ptnsa total petrolaum hydrocarbons and
chiorinated VOCs from the shaliow water-bearing zone to deeper water-bearing units.

A three-phase pilct study employed the following: vapor extraction only, air sparging only, and the
simuitaneous operation of both Systems. The air sparging tests ran at pressura levels of 10, 15, and 20 psi
with corresponding flow rates of 16, 24, and 37 cim. Vacuum/pressure readings and OVA monitors
measured system performance. Tha combined system was deemed effective because the QVA readings
shdved removals that exceeded those of the single processes.

Based on the resuits of the pilot study, a full-scale systern was designed, consisting of seven nested
vapor extraction/air sparge points, one: (vapor) extraction-only wall and seven injection-only welis. The
vapor extraction system operated approximately one morth prior to start-up of the air sparging system.
Effluent sampies indicated that concentrations of PCE and TCE decreased during vapor extraction start-up
and then increased with start-up of the injection system. Initial groundwater concentrations were as high
as 40,000 ppb total VOCs; after 125 days, they dropped by more than 98%. << ,ic |

Horizontal Weils, Savannah River Site—

Alr sparging was demonstrated at a U.S. Department of Energy site as an innovative environmental
technology capable of remediating unsaturated zone soils and groundwater containing VOCs [Kabek et al.,
1991]. A 20-woek pliot test evaluated the tachnology, utillzing two horizontal wells, one each for extraction
and injection. Alr injection flow rates and temperature were also used to evaluate the process. The
horizontal weils were located along a process sewer line that was the apparent source of the contamination.
The horizontal well configuration was chosen for this site because #t would provide more surface area for
the injection and extraction needed to treat the linear contamination. Since many water-bearing subsurface
formations extend areally and becausae the site geology dictates the path of a contaminant plume, harizontal
weils may draw vapors more efficienty from these horizontal formations.

The injection well, installed below the water table at a depth of 150-175 ft, extended 300 ft horizontally;
the extraction well, instafied at a depth of 75 ft (approximately 60 feet above the water table), extended 200

#t horizontally. Extensive characterization and monitoring determined that the highest concentrations of PCE
and TCE in groundwater were found at depths greater than 180 ft below the zone of injection.

21
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Helium tracer tasts provided a better understanding of the vapor flow paths between the two walls. The

resuits indicated connectivity between the two walls, aithough the recovery rates wers siow. After 46 days,
45% of the helium had been recoverad.

Microbial tests showed an increase in the activity of indigenous microorganisms, as measured by
increased CO, leveis during air injection at medium and high flow rates. This activity diminished at the
conciusion of the air injection test. The injection of heatad air had no apparent effect on the amount of
contaminants nor the temperature of the vapors extracted. Comparison of extraction rates achieved in one
vertical well during a vapor extraction test 1o rates from the air sparging horizontal well showed an increase
of approximataly 20% by the air sparging system.

Conservancy Site, Belen, New Mexico—

Contamination at the Consarvancy Site consisted of a 6,500 gal gasaling leak from a leaking UST
[Billings and Associates, 1991] . A free product layer as thick as 33 inches was found by monitoring wells,
with groundwater benzene concentrations of up to 6 ppm. The soil is siity sand with a clay layer.

Free product recovery and air sparging systams were installed on-site. The air sparging system
consisted of nested sparge and extraction welis, linked in a network. Sinca the depth to groundwater was
only 6.5 ft, it was possible to manually install the extraction and sparging wells.

The sparging system consisted of 2-in PVC wells and soivent-weided piping. -The network was radially
installed around the source of the comtamination to minimize migration of the contaminart plumae. Alr
injection and vapor axtraction usad several blowers, installed in paraliel systems with manifolds and piping
networks for operational flexibilkty. '

The system operatad intermittently for two months, and then continuously for three months. After the
fith month, groundwater benzene reductions throughout the site ranged from 37 to 100 percent with an

overall average of S39 percent. The following average percent reductions of gther parameters wers achieved
after the fifth month: :

¢ benzene - 55%

o toluene - 66%
ethyl benzene - 54%
¢ Xylenas - 45%
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Based on thesa reduction rates, the site might achieve the cleanup criteria established by the State of
New Maexico in about 2.5 years as predicted by the engineer [Billings and Associates, 1991].

Devel Appli Air ing in E

~ Chief among the firms developing and applying SVE and air sparging technology in Europe are
Hannover Umweittechnik GmbH and Harress Geotechnik. Hannover Umwaittechnik (HUT) has developed
an inexpensive and relatively effective technique for SVE and groundwater stripping in situ (Nunno and
Hyman, 1988). Compressed air is puisad Into the aquifer through injection wells, stripping the volatie
contaminants from the groundwater. The compressed air is introduced In a pulsed manner.in order to
prevent channelling or short circuiting.

Since 1985, in situ groundwater aeration has been used on over thirty sites in Europe (Middieton and
Hiller, 1990). Following are detailed descriptions of two of thesa remedial installations and their operations.
An additional saven brief case histories of fnstallaﬁons in Germany are included.

Exampie 1—

In the example described hera, soi gas measurements inside a buildmg revealed concentrations of
more than 500 ppm for both trichiorethylena (TCE) and tetrachloroethylene (PCE). Peak concentrations in
'sol samples were found to be as high as 2,800 mg/kg for TCE and 64 mg/kg for PCE.

~

The geology on the site was characterized by quatemary sand and gravel units of more than 110 feet
in thickness, with an interlayer of sity sands at a dapth of 44 to 47 feet. The depth to groundwater was
about 27 fest measured from the floor of the buiding.

Two soil venting units, equipped with radial flow blowers, produced a volume flow of 475 cim. Within
100 days a total of 5,100 ibs of solvents was remaoved from the sod. At that poirt, compressed air was
injected into the groundwater using 5 injection pipes with a length of 37 feet each. The injected volume flow
was about 6 cfm at each pipe.

Exhaust air VOC concentrations decreased by appraximately an order-of-magnitude in the first 100 days

due to soil venting. Alr injection started at day 100. An increass in the exhaust air VOC concentrations from

) © atotal of 800 mg/m" to more than 10,000 mg/m* was observed within 2 hours after the start of the aeration.

: : " From this peak, the VOC concentration again decreased along the typical slope of an air extraction curve.
’ 7 SORG N SWows ALMST WA HERT? (7))

23 INQEERSE 1N G wAWST CalTIRAT.ents,
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Soil venting and groundwater aeration removed a total of more than 8,900 Ibs VOC from the unsaturated
and the saturated zone within 240 days. Aftar 3 months of aaration, the concentrations in the groundwater
ware reduced from an initial 33,000 ug/L to 270 ug/L

Example 2- :

Groundwater contarnination was discovered on the site of a chemical manufacturer. initial analyses
revealad concentrations of more than 5,000 ug/L of soivents in the groundwater. Following the discovery,
several wells wore established up- and downgradient of the comamiration sources which had been
previously defined by soil gas investigations.

The geology of the site was characterized by unform sandy gravels down to a depth of approximately
36 ft. The sandy graveis were underiain by marly clays, which form the bass of the aquifer. The water tabie
was at 3 depth of 8 . Soll venting was chosen as the process to clean up the vadosa zone, starting in June
1986. For the remediation of the contaminated groundwater, eigit air injection points were installed at the
base of the aquifer in the immediats vicinity of the sol venting systemns. Injection of air into the aquifer
commenced in Juy 1966.

Groundwater quality was monitored using wells located along the property line downgradient of the
contaminated areas. Within 9 months of cperation, the concentration of salvents in the well, which was
located directly downgradient, decrsased from 5,417 ug/L 10 320 ug/L By May 1990, the concentration
had further decreasad to less than 10 pg/L In ancther downgradient well, the concentrations decreesed
from 1,990 ug/L in August 1987 to around 150 ug/L In May 1990. During the same period, the contaminant
concentration in the exhaust air decreased from initial levels of up to 500 ppm to values of 1 ppm and less.
No groundwater was pumped during the period of the remediation.

Following ars brief case histories of air sparging installations at seven locations in Germany (Harress
Gectechnik, Inc., 1969). The operations all began with an SVE Installation in the vadose zone. Aftef the
VOCs in the vadose zone wers reduced to asymptotic leveis, the air injection systems were instaked in the
saturated zones within the zone of influence of the SVE systems.

Case History No 1
Location: Augsburg, Bavaria
Soil conditions: 36 ft sandy gravel, aquitard - clay

Depth to groundwater: 8 ft
Number of air injection points: 8 at 50 ft spacing
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Number of vapor extraction points: 4
-VOC contaminant: halogenatad hydrocarbons
» initial groundwater concertration: (in downgradient monitoring weus 82 and B4)

B2 - 1,900 ppb
B4 - 5417 ppb
EffaaxvenesstE/GA"‘Syszem Within 9 months in B2 to 185 ppb, B4 to 320 ppb
Hi NoO.
Location: Beriin

Soi conditions: 115 ft of sand, wnhsitytensesfrmsﬂtoasnbdwgmde.aqum clay
Depth to grouncdiwater: 15 - 18 ft
Number of air injection points: 3 .
- Number of vapor exdraction points: 1
VOC contaminart: mostly 1,2-DCE-cis, with TCE and PCE
Initial grouncwater concentration: 1,2-DCE-cls >2,000 ppb '
Effectiveness of VE/GA™ System: Reducad to 1,000 ppb after 10 months, reduced to 440 ppb after a
. zotalofzyean

History No.
Location: Bielefeld, b{ordrhem-Wasdalen
Soi conditions: snto15n(tmdmessvamng)ofﬁlandandytositysadknems,aqunard sitstona
Depth to groundwater: approximately 2 ft to 8 ft
Number of air injection points: 5§ at 30 to 60 ft spacing
Number of vapor axtraction points: 1, pius 1 at 100 ft distance
VOC contaminant: PCE, TCE, TCA
Initial groundwater concentration: PCE - 27,000 ppb, TCE - 4aooppb.TCA - 700 ppb
EffealvenessofVE/GA"‘System Reduction to total VOC concentration of 1,207 ppb after 11 months of
operation

Hi. No. 4

Location: Munich, Bavaria

Soi conditions: 6 ft fil, 14 ft gravel, 6 ft fine grained sand, 9 # gravelly sand, aquitard - clayey silt

‘Depth to grouncdwater: approximately 15 ft

Number of air injection points: 7 at 60 - 80 ft spacing

Number of vapor extraction points: 1

VOC contaminant: PCE, TCE, TCA. ‘

Initial groundwater concentration: PCE - 2,200 ppb, TCE - 400 ppb, TCA - 150 ppb -

Effectiveness of VE/GA™ System: Within 3 months, PCE - 622 ppb, TCE - 13 ppb, TCA - 3 ppb. Afteran
additionat month, PCE - 539 ppb, TCE - 12 ppb, TCA - 2 ppb

gagﬁmum_a

Location: Nordrhein-Westfalen

Soil conditions: 6 ft clayey silt, 3045 ft sand (fine to medium grained), aquitard - siitstone
Depth to gromdwater 6-9ft

Number of air injection points: 10

Number of vapor extraction points: 2

VOC contaminant: halogenated hydrocarbons
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intial groundwater concentration:  Sublocation A:  betwsen 1,500 and 4,500 ppb
Sublocation B:'  (downgradient monittor well) between 10,000 and
12,000 ppb ‘

Effectiveness of VE/GA™ System: Reduction in Sublocation A: to 25 ppb within 1 morth to 10 ppb
within an additional 4 months; B: to 200 ppb within 6 months

Hi No.

Location: Nordrhein-Westfaien (Bergisches Land)

Soil conditions: Limestone, fractured

Depth to groundwate:: 90 #t

Number of air injection points: 8

Number of vapor extraction points: 2

VOC contaminant: halogenated hydrocarbons

Initial grouncwater concantration: 80,000 ppb _

Effectiveness of VE/GA™ System: 2,500 ppb 0 4,900 ppb after 6 months, 400 ppb after 15 months

Hi N

Location: Pluderhausen, ‘Baden-Wurttemberg

Soii conditions: 2 ft fill, 7 ft sits, 10 ft gravel, aquitard - clay

Depth to groundwater. approximately 11 ft

Number of air injection points: 5 at 10 - 15 &t spacing

Number of vapor extraction points: 1

VOC contaminant: trichiorosethene (TCE)

initlal grouncwater concentration: 20,000 ppo; reducedto1,200ppbaﬁefapprmdmaly10mormof
groundwater extraction and traatment

Effectiveness of VE/GA'™ System: Starting at 1,200 ppb, a90%rsducﬂon(to120ppb)after$dayscf
operation, and a further reduction {0 23 ppm aiter an additional two
months
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SECTION 4
DESIGN CONSIDERATIONS

The design of air sparging systems depends on various slements, such as well configuration, blower
capacity, comprassor size, and vapor traatment systems. The proper placement of process equipment,
gauging, and instrumentation are crucial to monitoring the process. Only then can adjustments ensure
optimal effectiveness. Alr sparging Systems are diverse in terms of design and operational factors. These
characteristics are discussed beiow.

INJECTION WELL CHARACTERISTICS

instaliation of air injection wells usually employs conventional vertical driling methods, although
horizontal drilling techniques are gaining Increased acceptance. Some contractors dril wells using a truck-
mounted holiow-stem auger [Kresge and Dacey, 1991]; others install weils without, using hand augers
[Billings and Associates, 1991). At sites whera the depth ta groundwater is shallow and site conditions
favorable, hand-heid, gasoline-powered augers or pheumatic hammers can be used.

Wells typically utilze PVC, galvanized steel, or stainless steel casing and screen/s. Steel pipe is
necessary when injected air will be heated to high temperatures. PVC (Schedule 40 or 80) for ambient air

injection offers the advantage of lower cost. Two-inch diameter pipe can transmit the usual air flow rates.

Screen lengths vary, depending on the zone to be remediated, from 2 ft to 10 ft A shorter screen
allows greatisreantrol aver the injection point, whereas a longer screen provides more air dispersion.

Contractors usually backfill screens with sand or gravel packing from 6 in to 2 ft above the screen. A

‘bentonite seal above the screen is essential to prevent short-circuiting of the injection air. The remainder
" of the borehole annuius is then groutad 1o the surface. The bottom of the casing is plugged.

2?7
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Spacing

The spacing of Injection points is & key design paramater. Wall spacing must be sufficient so that the
sparging system affects the ertire 20ne of contaminated aquifer. Locating the waeils too tightly wil add
unnecassary cost. Too few wells may bypass some areas. in most cases, wall spacing is dstermined by
the resuits of pilot studies and site-specific conditions. Either the radius of influence for that site or

professional judgment basad on soi type, soil layering effects, depth to groundwater tabie, and
contaminated saturatad zone thickness, detarmine the spacing of the wells.

Radi { Infl

The radius of influence of an air sparging weill describes the contaminated areas that the well can
adequately remediate. The radius depends on saveral factors including the soi type, soi homogeneity,
depth of injection below the water table, injection air pressure and flowrate, and groundwater fiow rate. For
exampie, the higher the soil permaabilty, the larger the radius of influence for either a sparging or vacuum
well. The cases studied radil identified from five ft to 177 ft; typically it is less than 25 . In one sparging
systam, the radii of influence of the sparging weils wera 72 ft, 76 ft, and 177 ft at injection pressures of 10

psi, 15 psi, and 20 psi, respectivaly [Brown et al,, 1991]. This shows the effect of additional pressurs on the
maasured radius of influencs.

The literature studied did not dascribe the radius of influence for a horizontalinjection well. However,
it was indirectly measurad by a helium tracer at the Savannah River Site. It has also besn dstermined by
monitoring levels of dissoived oxygen (DO) in groundwater. In one case, a thres-foid increase in DO
concentrations occurred in wells locatad in the vicinity of air injection wells; it documented an average radius
of Influenca of 10 to 15 R per injection wall [Kresge and Darcy, 1991].

Ale Injection
Using an injection wall, a biower or compressor introduces air into the subsurface. The connection can

be made to the top of the well casing (Middleton, 1991) or directly into the well using packers to seal off
the araa of injection. The choice of blower, compressor, or vacuum pump depends on the air flow rate and

Injection pressurs desired. Injection at greater depths may require a rotary lobe unit rather than a
regenerative blower. Values for injection pressure ware rarely reported but ranged from 3 psi to 20 psi
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Air flow rates correspond to air injection pressures. Not all case studies report pressure vaiues.
Generally they described ranges from 2 to 16 cfm per injection point, Greater air flow rates could cause
greater turbulence and madng in the saturated zone, leading to increasad volatilization. ‘

Several sparging experts notad that the volume of extracted air should exceed the volume of injected
air to maintain a margin of safety and to prevent subsurface pressure buildups, Wisconsin requires at least
a 4:1 ratio of extracted air to injected air when the injection well is in a source area [Mickelson, 1991).
Ancther system maintainad.a voluma ratio of 5:1 [Mariey, 1990].

PROCESS LAYOUT AND EQUIPMENT

The first step in implamenting an alr sparging systern consists of dasigning the weli configuration and
selecting the process equipment. Figure 3 shows the aboveground components of a typical systam.

The major. components of the air sparging system inciude the following: ‘

. injection wells

) oi-free compraessor

. vacuum blower

¢ air/water separator
& air emissions treatment

«  piping and vaives

. instrumentation

As Figure 3 iustrates, an air sparging System can operate with a single passage of ambient aif, of with

‘multiple passes of recycled extracted air. Recycling eliminatas the need to discharge the extracted air.

The solaction of biowers should take into account the site-specific type of operation. Treating
flammable gases such as gasoline vapors may require the installation of non-sparking vacuum pumps. This
requirement s overcome in many installations by locating the vapor treatment system, such as activated
carbon adsomtion, upstream of the vacuum pump. The air spargihg blmyers are not required o be of non-
sparking construction. '
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Well Configuration

Perhaps the most important design element of an air sparging system is the configuration of the wall
_system. Both weil design and layout play important roles. The placement of air sparging and vapor
extraction wells must take into account factors such as depth o groundwater, hydrauiic conductiviy,
comammm/s,ammemmdcamnumﬁon Vamconﬁgwaﬁan.asshcwnhﬂgum-‘. alter the
dessgndawspargingsystsm Eachcuﬁguaﬂoncanprasemhownunlquaadvamagesw
disadvantages in conjunction with site-specific soi/aquifer characteristics and project objectives.

Vertical Weil Configuration ~

Based on their radius of influence, placement of vertical extraction and sparging walls throughout the
sita shouid cover the 2one of contamination. Piot tasts, with two to four wells in a portion of the site provide
the best means of determining the radius of influencs.

Nestod Wails -

Nested walls are extraction and sparging waeils that are placed in the same borehole, thus saving drilling
costs. However, proper grouting of the borshale 1o prevent short circuiting of air is very important. The
primariy vertical pressure gradient is ancther difficuity preserted by nested wells: it can iower the radius
of influence per well in comparison with other well configurations. -

Horizontal Wells =

Advancement In drilling techniques have made horizomal wells feasible for air sparging systems. This
configuration is particularty effective at sites that present shallow aquifers and long, thin contaminant plumes,
_ such as those causad by lsaking pipeiines. In some cases, horizontal wells may incraase axtraction
efficiency over vartical wells by a factor of five [Looney, Kaback and Coray, 1991]. A horizontal well
provides uniform pressure throughout the length of the well, and mora surface area for sparging than a
vertical weil. Such wells can reach under buidings and into ather hard to reach areas. Also, sincs less
wells are required, they result in cost savings associated with piping, manifolds, and trenching.
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Combined Hocizoml/vﬁical Walis ~

. Depending on site conditions, the combination of vertical and horizontal wells may be advantageous.
Conditions such as depth to groundwater, soil permaabiity, and confining layers will determine whether a
combination of horizontal and vertical walls would be the optimal configuration.

Weil Radius of influence

Soi permeability, among other factors, determines the radius of influence for sparging and exdraction
wells. Thae radius of influence, in turn, determines the wall spacing and numbers needed for the site. The
number affects not only the cost, but also the design of an air sparging system.

Air sparging experts have suggested saveral methods of determining the radius of infiuence for a
sparging well. Thesa mathods study the following:

«  pressure at various distances from sparging points
¢  dissolved oxygen concentration of the aquifer

o groundwater elgvations in responsa to injection

. groundwater contaminant concentration isopleths

Pressure measurements provide the most common method for determining the radius of influence of
a sparging weil. Some experts state that prassure declines exponentialy away from the injection well, and
determining the radius can be accomplished by plotting the natural logarithm of the pressure versus distance
[Brown et al., 1991]. Others measure dissolved oxygen concertrations in monitoring wells or at points
- throughout the expected zone of influence. This latter method requires measursments before and during
systamopefaﬁambmnmaybeamorerdevammeasufememdmespargingeﬂect.

Well instai

Sparging well construction shouid optimize the injection of air to the contaminated saturated sol and
groundwater zone. The screen leval should lle closa to the water table in order to effectively capture the
vapors sparged from the saturated zone. However, | the SVE screen is too close to the water table, the

mechanical action will extract water, which will reduce system efﬁctency and require the use of an air/water
separator to prevent blower damage
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Injection Depth Below Water Tabl

The air injection point a.g., the basa of the aquifer or near the water table, depends on the location of
the contaminants. For example, many chiorinated compounds in the DNAPL phasae sink through the aquifer
toa cohﬁning unit. Petroleum constituents (LNAPLs), on tha other hand, may flcat on or near the water

table. The density of the contaminants determines the location of the dissolved contaminant plume in the
aquifer.

Ideaily, the air should ba injectad just beiow tha iowest level at which contaminants have been detectad.
This will ensure that the sparged air comntacts all of the contaminant zone. Bemuseinje_ction pressure is a
function of depth, excessively deep weils wil réqujre larger, more expensive blowers and vacuum pumps.

PROCESS MONITORING AND OPERATION

Proper operation and rnonitdfing of the air sparging process are necessary to ensure that sparged
volatiles are captured and that migration of groundwater contaminants is controlled. Tha following operating
parameters should be monitored:

° sparging pressure

. vacuum pressure

. air flow rates
K radius of influence for both vacuum and sparging wells
e  dissolved oxygen in groundwater

. contaminam concentration in extracted air

. continuity of blower and compressor operation

The air sparging process, coupled with SVE, enhances both mass transfer and biodegradation of
subsurface contaminants. Depending on the mechanism desired and the type of contaminant piesent, the
operating and monitoring procedures wil differ. Regardless of the targeted mechanism, the design must
minimize off-site migration of gases. It is necessary to discuss the steps used to prevent off-site migration,
and specific monitoring requirements in terms of the mechanism thay will enhance.

»
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‘Mass Transter Enhancement o

Mass transfer ‘systems are characterized by high-vacuum, high-fow wells operations. A high vacuum
provides a large driving force that incraases the remaval of contaminants. Adequate pressure monuoﬁng
assures net-negative pressure in the subsurface dunng opemtlons.

Heaﬂngthespar’gingait can enhance mass transfer. The higher air temperature raises the Henry's
Law Constant, thus improving the stripping of contaminants from groundwater and Increasing the
volatilization rata of contaminants.

Bi tion Enhan

The key to enhancing blological activity is adequate oxygenation of the groundwater to maintain an
optimal environment for microorganism growth. However, the addition of nutrients and supplemental carbon
to the subsurface may aiso be necessary to maintain a heaithy microorganism population.

in a successful biodegradation scenario, extracted, sparged gases have relatively low contaminant
concentrations as compared to gases extracted from mass-transfer-enhanced systems. However, it Is stil
important to maintain a net-negative subsurtace pressure (wnhvapbrmambnwdls)tocomdwnamm
" migration. Extracted vapor treatment may still be required. ‘

Monitoring this type of system is similar to that of any in situ biodegradation system. ‘The dissolved
axygen level in the groundwater determines the effectiveness of oxygen mass transfes. A dissolved oxygen
level of 3 ppm is a good indicator of process performance [Billings and Associates, 1991). Hydrocarbon
~ and carbondlo:ddelevdsinmewaaedalra!somonnorme biologml process.

ntaminant Migeation Minimizati

An air sparging system must operats in a manner that will minimize further migration of contaminants.
As previously mentioned, vapors could travel horizontally in the vadose zone and LNAPL piumes could
extend due to mounding effects in the water table during sparging. Increased vapor migration could also
result from the concentration of the contaminant excseding the equillbrium concentration in the vadose
zone. Untreated soil pores in the unsaturated zone contain air in equilibrium with the contaminated soil.
The contaminant concentration in the untreated soil will register at a relatively high level. SVE replaces the
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saturated air with cleaner air, as shown in Figure 5; this causes an exponential decline in sol vapor
concentration. If the sparging wells ara startad 100 soon, a surge of contaminated air from the saturated
zZona couid cause the vapor concentration in the vadesa zone to exgeed the equilibrium concentration.
Resuiting concentration gradients could causa further contaminant migration.

To prevent vapor migration, an SVE system should be in operation prior to start-up of the sparging
wells. Oncs the vapor concentration has leveied off, the sparging wells should then be activated. The
injection of air will causa a new concentration paak, which will utimately level off in an exponential manner,
as shown in Figure 5. The plateau for contaminant concentration in the extracted air of a sparging/
extraction system is reguiated by various factors, such as the rates of dissolution and desorption of
contaminants in the vadosa zone, and the rata of dissolution, desorption, and volatilization of contaminants
in the saturated zone. In addition, the rate of vapor migration in the saturated zone vapor phase will
influence the concentration of extracted vapor. In order 1o fully capture the sparged vapors, the extractsd
air flow rats should exceed the injected air flow rate.

If properly coordinated, remedial activities at sites containing LNAPLs can minimize migration of the
floating product by implementing a product recovery system prior to sparging, or hydraulically controlling
the depression of the water table. This method, however, adds a need for posttreatment of the groundwater
residuals, thus defeating tho purpose of an In situ groundwater remediation program.

Adjusting the pressure at which the air sparging welis operate can minimize vapor migration. The
minimum sparge pressure required to overcome water column is 1 psi for every 2.3 ft of hydraulic head
[Brown and Fraxadas, 1991]. To transfer air into the saturated zone, wall pressure must remain above this
minimum. However, a pressure too high may move the vapor horizontally, rather than verticaily toward the
vadose zone. As shown in Figure 6, this can decrease vapor capture by the extraction system and inhibit
treatment of some saturated zone areas by air sparging. ‘ ’

Process Operation
In most cases, the concantration of extracted vapors levels off after the sparging wells have been

operating for a period of time. Howaever, the high costs of treating extracted vapors create a need to extract
less vapor volume at a higher concentration. This can b_eacruevedbypusfngmovacuumandspargmg
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‘ wells. Shut-down time allows the soil, groundwater, and soil vapor to -quiibrate, increasing the vapor
concentration. The system can then restart (vapar extraction wells first, ©: -~ sparging wells) to pull out the
more highly concentratad soll vapor.
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"SECTION §
AIR SPARGING SYSTEM COSTS

The published iiterature on air sparging technology includes litle discussion on the costs of designing,
building, and operating a system. However, equipment for air sparging technology is very similar to that
used for soil vapor extraction, andhence the costs are comparable. Thers are 3 major cost elements for
an air sparging system: capital, operaﬂng, and monitoring costs.

CAPITAL COSTS

Capital costs for an air sparging system encompass design, engineering, permitting, contingencies,
equipment procurement, installation, and instrumentation. Some components contribute significantly 1o the
capital costs of a compiete air sparging system:

e Waells (extraction, sparging, and monitoring wells) - installation, piping, and trench construction

. Mechanical equipment - biowers, compressors, and vacuum pumps

o Instrumentation - low meters, pressure gauges, and analytical equipment for vapor tasting

N Vapor treatment equipment - incitdes air/water separator, emissions control (usually activated
carbon devices, or others such as incineration and catalytic oxidation), and water treatment
systems

in addition to these major components, cost estimates for site remediation must aiso inciude funds for
a thorough site investigation that is required prior to tha remedial design.

Well instatiati
Sparging and extraction wells, which are very similar in design, normally use schedule 40 PVC

(polyvinyl chloride) piping in various diameters (2-in to 12-in). Polyptopy!ene. (PP} or chiorinated polyvinyl
chloride (CPVC) pipes are more rigid; they provide an alternative where stronger piping is required. A
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typical 30-ft well instailation will cost from $2,000 to $4,000. Of this cost, materials such as casing (riser),
weli screen, piugs, filter pack materials, bentonits,. and cerment grout may total from $500 to $2,000 per weli,
dependmgon the method of construction. Table 4 shows the range of costs for various spargmgand
extraction well components. PVC piping, for example, costs as little as $2 per finear ft with a 24n diamater

‘casing up 10 $12 with a 6-in casing. Simiarly, PVC screens cost from $2 to $15 per linear ft, depending on
diameter. Ball valves (PVC) cost from $50 for a 2-in riser to $300 for a 6-in riser.

Wall configuration can achieve savings or add costs to the items described above. For exampie,
nested wells can cut driling costs by piacing both. sparging and extraction weds in the same hale.
Horizontal wells cost several times more than vertical wells, but may increase the VOC extraction efficiency
by a factor of five [Looney, Kaback, and Corey, 1991]. |

Systam piping can lle aboveground, or buried in trenches. Abaveground piping can reallze savings i
the site is inactive and i barriers to access are acoep(able. Howaver, water carried in aboveground piping
may freaze during wirter operation, causing operational problems and pipe damage. Pipe freezing problems
may be overcome by applying heat tracing and Insulation. This adds a significant .cost to the piping
installation. Installation costs will also increase significantly ¥ the piping is buried in trenches.

‘Mechanical Equipment

Alr Is sparged Into the subsurface saturated zone by mechanical compression equipment. Vacuum
pumpsenractthe spargedakhaddﬁontome hdueedalrﬂowt!mtheyprodueethroughthevadosazm
Thetypeofmechanleal eompresion equipment used Is a function of the flow rate and pressure required.
An important feature of the equipment employed Is that the air injected by the machine be oil-free.

SOmeofthetypes of compression aquipmenttrat may beemployedwm\theairspargingtad‘wm:gy
include:

¢ oi-free rotary screw machines
o centrifugal blowers -

» regenerative and rotary lobe blowers
e reciprocating compressors
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Single-stage cil-free rotary screw comprassors are commercially available with flow capacities as low
as 420 sctm, capable of achieving a discharge pressure of 50 psig (Table 4). Rotary lobe machines have
a wide application in soi remediation both'asalr injection compressors and as vacuum pumps. The rotary
lobe air comprassors listed in Table 4 ara singie-stage units with a discharge pressure of 18 psig. The rotary
lobes vacuum pumps are capable of achieving vacuums of 15° Hg absoiute for the flow rates listed.
Regenerative blowers are avaiable and are usad as air injection machines for very low pressure applications
(5 psig), as well as in vacuum blower applications.

Centrifugal blowers and reciprocating compressors are limitad in their application. The practical lower
limit of capacity for centrifugal blowers in air injection sarvice is approximately 8000 scfm. Reciprocating
compressors would only be employed if pressures higher than 50 psig were required. The reciprocating
machine becomas prohibitivaly expensive at lower pressures since the cylinders must be nonubricated in
order to supply the oil-free air required for injection.

In m th Monit

Instruments for monitoring of the process and the extracted vapor straam are vital to air sparging
design and operation. Monitoring equipment should measure the vacuum alr flow, vapor characteristics,
and contaminant concentrations.

Vacuum can be measured with a magnehelic gauge. These gauges are typically located at each
extraction well and upstream of the blower. The cost for each magnehelic gauge can range from $50 to
$75. A quick-coupling sampiing port may substitute for gauges at each well. Ale fflow, expressed in standard

cubic feet per minute (scfm) to normalize flow readings taken at different pressures, can be measured indine’

by an annubar flow meter or at flow ports using portable equipment. Al flow should be measured at each
well and upstream of the blower. Annubar flow meters cost about $300. Quick-coupling sampling ports with
two or three connections are avaiable for $25.

Montitoring of the composition and concentrations of the extracted vapors is critical in determining
vapor treatmem altematives and operating procedures. An organic vapor analyzer (OVA), a total

hydrocarbon analyzer (THA) or a combustible gas indicator (CGl) can determine the quantitative vapor
concentration of VOCs. A gas chromatograph (GC) can identify vapor components and concentrations.
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TABLE 4.

SVE AND AIR SPARGING SYSTEM COMPONENT

CAPITAL COSTS
e .- .
Capital
Component Type Slze (3) Notas
Extraction weil 12-15/4¢ Matthews Manufscturing
construction
Casing PVC 2in 23/t SCH. 40 PVC
4in 35/
Sin 7-12/1t
' Screen Ve 2in 24/t Matthews Manufacturing
4in ST/t ~ SCH. 40 PVC
Sin 10-15/1t Any siot size
' Sand pack 1520/cu ft
Gravel pack 0.74/cu 1t
Piping PP 2in 210/t
4in 5.60/1t
§in 10.00/#t
_ T Ave 2in 0.4/1 SCH. 40 PVC
4in 110/t
. Sin /M
CPVC 2in 2.50/1t SCH. 80 PVC
4in 8.70/1t
8in 12/t
Vaives (ball) Ve 2in s Vendor - M&T Plastics
Single union 4in 00 SCH. 40 PVC, 2in & 4in
Sin 700 threaded socket, 8 in
flange and connection
Joints (eibow) e 2n 3 MAT Plastics, SCH. 40
90 degrees - slip 4in 18 PVC, threaded, socket
8in st ond connectons
Surface seais Bentonite § in 0.37/3q ft ‘
Bentonits 4 in 0.25/9q ft
. Patysthylene 10 mil 0.25/sq 1t
HOPE 40 mil 0.58/8q ft
asphalt 2 in 1.03/9q %t
Air compressor Single stage 450 sctm (75 HP), 8000 Vendor - Atlas Copco
o Rotary screw 1120 sctm (200 HP) 80000
2000 scim (350 HP) 90000
Rotary lobe 100 scfm (15 HF) 3000 Vendox - Roots Dressar
450 sctm (78 HP) 10000
. 1000 setm (125 HP) 30000
2000 sctm (250 HP) 33000
Vacuum pump Rotary lobe 100 scfm (s HP 3000 Vendor - Rocts Dressaer
: 450 scim (25 HP) 6500
1000 actm (50 HP) 9500
2000 scfm (125 HP) 20000
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TABLE 4. (Continued)

m
Capital
costs
Component Type Slize {$) Notss
Air/wim separstor 20 10 800 gal 1.500-2,400 "
Knockout pots 800 gat 11,800 Vendor - Water Resources
2004 1,470 Assoc., invailation 33% of
35 gal 1,580 capital costs
65 gal 1.750
105 gal 2150
130 gal 2350
insgurmentation
Vacuum gauge 50-78
(magneheiic)
Fow (annubar) 300
Sampling port Brass T -0
Concrete pad 450 /yd®
Flarne arrestor w/o SS slement 668 W»SMWTQG\.
w/SS element 735830
Ale relief vaive 28 Vendor - Stafford Tech.
Soit gas probe 050 Vendor - KV, Assoc,
Engineering/design 8-15% of system
T oot
Ditfusec stacics Carbon steel 4in s/ Add 40% for installation
Sin 10/t
Stainiess steel 4in /M
40/t
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Analysis of the vapor CO, concentration can track the subsurfacs biological activity. Monitoring of the vapor
composition usually occurs between the demister (or knockout pot) and the blower. In carbon adsomtion
systems, monitoring rnay also check the exhaust from the carbon bed.

Vé& Treatment
Alr/Water Separator -

Alr /water separators (‘knockomnots') decrease thovelodty of the vapor stream and aliow the gravity
fallout of water dropiets and sediment. They can be very simple (8., a 55-galion drum) or may be °
sophisticated In terms of level controls and other instrumentation. Theslzedependsontheﬂowrate(to
reach a minimum rasidence‘tme).'ranglng from 800 to 1,200 gal. Construction materials vary, including cast
ron, stainless steel, or simiar material. Demisters are often incorporated into the vapor pretreatment
prdcess. These screens remove particles down to microns in size by coalescing droplets on the demister

Duvall industries, Inc. manufactures a variable-sized demister ranging in cost from $700 to $1,000 for
flow volumes of 100 to 1,000 scim. Water Resources Associates, Inc. manufactures knockout pots for uss
wimmeirhcineraﬂon/SVEsysm Thecosfofhwekoutpotsmyrangefromﬂsoomszsoo
according to size and flow rate capabiities.

Liquids that accumulate in the air/water separator must be traated on-sits, disposed off-site (according
to reguiations, possibly to a sewer line), or removed by truck. On-site water treatment can employ liquid
phase granular activated carbon (GAC). Small, easiy installed carbon units are appropriate for the small
. flows expected from vapor pretreatment units.

Emissions Control -

Vapors removed from the subsurface normally require treatment prior to release to the atmosphere,
depending on local requiations. Several options are available: carbon adsorption, catalytic oxidation,
thefmal incineration, combination systems, and internal combustion engines. Where vapor treatment is nct
required, diﬂuserstac!cwnprovidesafeem&bndﬂ\emaedvapofs. Vapor phase concentration wil
determine which options are appropriate.
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Vapor traatment can comprisa a significant portion of the total air sparging system cost. Care must
be taken to ensure that the most cost-effective option is used, based on the vapor discharge standards, the
extracted vapor concentration, the expected mass removal cver the lifa of the system, and several other
variables. Tha operating costs for vapor traatment may dominate the system cost, especially for GAC
systems. For this reason, the forecast of expected removal rate becomes even maore important.

Carbon Adsorption —

Carbon adsorption is widely usad for vapor treatment in industrial and air sparging settings. It applies
to a variety of vapor contaminarts and can achleve very high removal rates. Carbon is only economical for
relatively low mass removal rates; high mass remcval rates make the cost of raplacing/ regenerating the
carbon prohibitive. In addition, the heat of adsorption may present an explosion hazard in the treatment
of combustible VOCs. )

Numerous vendors affer carbon adsomption systems in a large variety of sizes. Table 5 shows a partial
list of thesa vendors and their respective products. These systems range from very small systems (55-gallon
drums holding less than 200 Ibs) through larger, skid-mounted systems (up to 5,700 Ibs). For very large
installations, vendors can customize carbon to the specific requiraments of the site. Carbitrol offers G-1,G-2,
G-3, and G-5 canisters that are rated for various air flows. Thesa drum systems contain 200, 170, 140, and
2,000 lbs of activated carbon, respectively. The G-1 system, rated at 100 scfm, costs $695; the G-2 (300
scfm), $385; and the G-3 (500 scfm), $985. The G-5 system which is rated for 600 scim Is available with a
304 stainless steel (SS) vessal for $11,000 or an epoxydined carbon steel vessel for $7,700. TIGG
Corporation offers the Nixtox Series N500 DB, N750 DB, and N1500 DB (deep bed) systems that contain
1,800, 3,200, and 5,700 lbs of virgin carbon, respectively. Calgon Carbon Corporation also offers a large
variety of carbon adsorbers. The Ventsorb canistar can handle average flows up to 100 ¢fm or high flows
from 400 to 11,000 cfm.’ The high-flow model s available skid-mounted with a fan, flexible connectors, and

a damper. The canisters range in price from $760 to $6,330; the skid-mounted models cost from $5,400
to $10,700.

The carbon may be virgin or reactivated. Purchase of reactivated carbon usually saves threg to thirteen
percent off the price of virgin carbon. For example, the virgin G-1 (200 Ib) canisters offered by Carbitrol sell
for $660; a reactivated canister seils for $640. Larger containers are usually charged on a weight basis.
Environtrol reactivated carbon sells for $1.15 per b plus transportation costs. A one-time RCRA Toxic
Characteristics Leaching Procedure (TCLP) test is required ($2,800 to $3,000) for hazardous materials.
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A fecyding carbon system is an alternative to the replacement of canisters and off-site reactivation.

‘Such systems regenerate the carbon in place, usually using steam 'to desorb the contaminarts. The

contaminant /steam mixture is then drawn off and treated or sent for proper disposal. Continental Recovery
System Inc. offers this type of system; it comes in several sizes, using from one to six carbon beds.

Manually-operatad systems cost from $20,000 (one bed) to $50,000 (six beds). A fully automat;edf

~ remotely-monitored, trailer-mountad system sails for $150,000 or laases for $7,400 per month on a 6-month

leasa. The cost effectivaness of the system depends on the mass removal rate. The system initially costs
more than non-regenerative systems, but reduced carbon usage may make it a cheaper option on a long-
term basis. ' :

Use of carbon for vapor treatment may develop a need for a heat exchanging unit to cool extracted
vapors heated by compression from the blower. This traatment will ensure maximum contaminant uptaka
Altemnatively, GAC can be placed upstream of the blower ln a treatmnent train.

~

Incineration —

Incineration of contaminant vapors offers an excelient treatment option for high vapor concentrations. '

Attempemturasd1owm1400°FaNghefvapawmbtsﬂondewoysm95pemmdma
contaminant concentration.

amount of supplamentary fuel depends on the vapor concentration. Some vendors report that, at gasoline
concentrations above 12,000 ppm, the flame is self-sustaining; at concentrations below this figure, greater

‘ amounfsoffueiaraneededinptoponiontothecomamimm. The"operaﬂngcgaofanincinemﬁonsystem

is greatly affected by the need for supplementary fuel. Propane, which costs about $1.00 per gal, is often |
used for this purpose.

‘While higher contaminant concentrations make this method cheaper, aafety concerns increasa with

. higher concentrations. Highly volatie contaminants (such as gasoline) become explosive in certain

concentrations. This range is limited by the lower explosive limit (LEL) and the upper explosive limit (UEL).
Fresh air must ba mixed with the extracted vapors at very high concentrations to reduce the concentration
to a safe level. '
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Table 5 shows the cost for various incineration units. These prepackaged units include the burner,
biowers, sampling vaives, and other appurtenances. Capital costs depend on the flow rate to be traated;
they range from $23,000 (for 100 sctm) to $40,000 (570 scfm) trom one vendor. A smalier unit (70 scim)

costs.$12,000. A heat recovery system, which uses the exhaust to preheat the incoming vapors, can realize
a substantial energy and cost savings. '

Cataiytic Oxidation -

Catalytic oxidation systems employ a catalyst to faciltate the axidation of the contaminants. Thus, they
operate at much lower temperaturss (600 to 800°F) than direct incineration while achieving destruction and
removal efficiencies (DREs) above 85 percent. The catalyst Is a precious metal formuiation (typically
platinum o palladium), which can exist either In the form of beads or a honaycomb bed.

Although most commonly applied to petroleum contamination, special catalysts enable catalytic
oxidation t0 treat chiorinated contaminant vapors. Howaever, hydrochioric acid, formed during the oxidation,
requires additional treatment processes (scrubbers, neutralization, etc.).

Cawmmddaﬁmraqmmcareﬂmkoﬁhgtomwamwefhaaﬁmam&swdbndmem
if the concentration of vapors in the extracted air exceeds 3,000 ppm, the vapor stream must be diiuted with
fresh air to remain below the cutoff level. At lower concentrations, supplemental fuel (propane) may be

needed 10 maintain the required temperatures. Safety is also a concam for catalytic oxidation. This method
is best suited for concsentrations below ten parcent of the LEL.

Available catalytic oxidation ynits can handle flows from .30 scfm to more than 50,000 scfm. Hasstech
offers a trailer-mountsd unit (MCC-2) that can handle 30 to 40 scfm. ORS offers the Catalytic Scavenger
in a 20 kw model (200 scfm) and 35 kw modal (500 scim) that sall for $560,000 and $75,000, respectively.
Installation and training will cost $3,000 for thesa units. CSM Systems, Inc. produces the Torvex safies
Model 5A, 5B (500 scfm) and Model 10B (1,000 scfm) that sell for $50,000 and $70,000, respectively. A
trailer ($8,500) and ADS dilution system ($20,000) are available for these models. Larger cataiytic oxidation
systems are also available from CSM and Dedert Corporation. Dedert sells field- ready units, rated at 5,000
scim, for $200,000. |
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Diffuser Stacks —

. Diffuser stacks, constructed of either carbon steel or stainiess steel, merely direct vapors into the

atmosphere. This system Is simple and Inexpensive, but only an option where treatment of the vapors is

not required. The design of diffuser stacks should minimize heaith risks. Costs depend on the height
required and the material of construction.

Other Costs

Implementation of an air sparging systam will entail other costs that are neither strictly capital costs or
~ O&M costs. Thess Include system design, engineering, permit acquisition, contingencies -and other
miscailaneous costs. Thesa costs are often treated as capital costs. Engineering and design fees oiten
comprise 10 o 15 percent of the system cost, as do contingencies. Thess and cther costs are highly site-
specific, however, the figuras quoted here are arbitrary.

OPERATION AND MONITORING COSTS

 Operation and monitoring costs, depending on the duration of system operation, may comprise a
' slgnﬁcaﬁtpoﬂlonofﬁwoveraﬂalrsparglngramedhtbncoa Thesa costs arise mainly from power for the
‘blowers; vapor treatment, including fuel costs for incineration methods and GAC regeneration/replacement;
monitoring and analyses for progress and cleanup attainment detarmination; and other on-going costs such
as labor. Labaeoasdepe;dmwhemefﬂnsystembopemadmmaﬂyabyammpmm. Thesa
costs are discussed later. :

Power Reguirements

‘ Theeostbfeledﬁ,cpowovdepends.onmepa«,efraﬁng of the fan/s or blower/s, the hours of
operation, and the local cost of electricity. The following formula determines the cost:

(0.75) x (fan horsepower) x (slectricity cost in $/kw-he) x (hours of operation)

For example, a 10-hp blower operated continuously would use eléctﬂclty at $0.10/kw-hr. The daily cost
for power would be 10 X 0.75 X $0.10 X 24 = $18.00 per day. Pulsed operation — operating the blowers
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intermittently — would save power costs by decreasing the hours of operanon Power may aiso be required
for heat exchangers.

Vapor Treatment

The operating cost for vapor treatment depends on the method usad, the concentration of
contaminants, and the fiow rate. Generally, GAC adsorption costs incraase, whila the cost for incineration
and oxidation decreases with higher vapor concentrations. GAC treatment costs will be dominated by
carbon replacement and regeneration; incineration and oxidation treatment will be dominated by fuel costs
to sustain incineration.

Carbon Adsorption —

Adsorption of contaminants from the vapor phass concentrates the contaminants onto the carbon.
Whaen the carbon's capacity to hold contaminants has been exceedad, the carbon is considerad "spent” and

must be replaced or regenerated. Obviously, higher mass removal rates (flow rate x concentration) will
resuit in more frequert carbon replacement and higher costs.

Carbon costs vary according to the type and quantity ordered. They may range up to $2.00/lb.
Regenerated carbon costs 87 to 97 percent of virgin carbon cost. One vendor quoted $1.15/1b for large
orders. Table 5 shows costs for virgin carbon units. One rule of thumb states that carbon costs about
$20/1b'($130/gal) of gasoline removed [Hinchee et al., 1987].

Whaerae carbon is used and mass removal rates are high, on-site regeneration may become economical.
Continantal Recovery Systems offers a unit that usas staam to regenerate carbon in place. Other vendors
offer units that regenerate the carbon and then incinerats the contaminants. These combination units are
initially more costly, but save on O&M costs. The determination of the most cost-effective option is site-
specific; the pict system results normally make the determination;

incineration —

Incineration requires supplementary fuel (typicaﬂypropaneorLPG)forvaporconcemraﬂonsbelow
12,000 ppm. This fuel costs about $1.00 per gallon. When the BTU value of the vapor feed cannot sustain
the required temperature (about 1,400 to 1,600°F), fuel supplements must maintain proper temperatures.
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Catalytic Oxidation ~

This method requires much lower temperaturas (600 to 800°F) than incineration; and, it Is therefore less
costly to operate. Optimal vapor phase concentration for catalytic oxidation is about 3,000 ppm. Higher
concentrations require diution (to protect the catalyst from destruction), while lower concentrations may
require supplemental fual. ORS quotes the cost of a 200 scim Catalytic Scavenger at about $800/mo to
operate with no incoming hydrocarbons (Le., just air). As the hydrocarbon concentration increases, the

’supplemema} fuel requifeniems dm

SYSTEM MONITORING

For air sparging to gain wide acceptance with ragulatory agency personnel, consuitants, and site
owners, methods to confirm the system's success are required. Monitoring ensures that the air sparging
system does not move contaminants away from the treatment zone, espeaa!ly off-site. Several techniques
have been used for thess purposas.

The simplest method to assess effectiveness of an air sparging system, used by virtually all proponents
identified in this project, monitors the extracted vapor stream for VOCs, O,/CO,, or other contaminarts of
concem. Another method analyzes and monitors disscived oxygen (DO) in groundwater throughout the
- treatment zone. Groundwater coneentratlom in monitoring Wells are measured before. during, and after air
sparging to determine the actual effect on in situ contaminant levels, which are usually how the regulated
endpoimsareexpfessed(emcemmnofBTEXTPH. orotmfparan-neterremahﬂnghgromdwateforsol)
Dawngraduent wells can check whether the system is mobilizing contaminants. In most published case
studies, both monitoring techniques, vapor sampling and groundwater sampling, have been used.

Monit

Laboratory sampling for sod, groundwater, and vapor contaminant concentrations is reiatively costly,
but necessary to assess the effectiveness of the remadiation. A comprehensive sampling and analytical plan
using recognized and accepted methodologies Is very important. Sod sample analyses will generally cost
$150 for total petroleum hydrocarbons (TPH), $250 for volatie organic contaminants (VOCs), $100 for
benzene, toluene, ethyl benzene, and xylenes (BTEX), $450 for acid/base neutral extractable compounds
(ABNS), and $70 for routine soil parameters, which inciude organic carbon and particle size distribution.

i  AR310378



Analyses for groundwater sampling cost $125 (TPH), $225 (VOCs), $100 (BTEX), $425 (ABNs), and $50
for general groundwater quality parameters, respectively. Soil gas analysis using a GC determines total
hydrocarbons and other specific contaminants; it may cost as much as $250 at a laboratory.

Biological assay tests can monitor biological activity in the soil. Dissolved oxygen in groundwater
shouid be measurad on-site with a D.O. probe, which costs about $1,000.

CONCEPTUAL ESTIMATE FOR AN SVE AND AIR SPARGING INSTALLATION

Following is a conceptual estimate for a ieaking underground storage tank site remediation using the
air sparging technology. The sita is contaminated in both the saturated and unsaturated 2ones by gasoline.
The equipment that will be included for site remediation will be sufficient to act on a total of up to 10,000
cubic yards of contaminated soi. The depth to the water table is assumed to-be 60 feet.

The capital costs are based on a configuration that includes two (2) vapor extraction walls, one (1) air
injection well, and four (4) groundwater monitoring wells. The system aiso consists of a 25 HP rotary lobe
vacuum pump, a 15 HP rotary lobe air injection compressor, two (2) air/water separators, a collection
header and various piping connections. An off-gas emissions control system will be required to capture the
BTEX hydrocarbon compounds. This will consist of canisters filled with granular activated carbon adsorbent.
The size of the site dictates that on-site regeneration of the carbon will not be practical. The cost of carbon
will be basad on regeneration or reactivation off-site. The canisters containing the carbon will be rented from
the supplier, so that the costs for the emissions control system will appear as an operations and
maintenance cost.

Table 6 contains the equipment specifications required for the site remediation, Table 7 outlines the
capital costs of the equipment tems, and Table 8 contains a summary of the annual operating and
maintenance costs. ‘
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A Vacuum Blower
Size
Rating
Bectrical
Compression ratio
Type

_ TABLE 6. EQUIPMENT(SPECIFICATIONS

28 HP

500 scfm @ 10° Mg vac

440V, 3 phase

1.52 .

Straight lobe rotary (positive displacement), constant volume - variable
discharge pressure

B.  Air Compressor

g

15 HP

180 scfm, disch. press. 15 psig -

440V, 3 phase )
Fotary iobe, pesitive displacement V-beit dirve with iniet filter, inlet silencer
and discharge silencer

800 gaiions

Stainiess sweel

Sight glass

2-4° NPT connections {top)

1-4° NPT connection (Botiom ssaled 1o atrnosphers)

Type . 4 PVC
Length- 500 #t
Elbows 20
Caps 5
Vaives (27} L}
Reducers 10
Type 2 VG
Length 701t
E  Vacuum Weill Construction
4 T Fotary suQer
No. ot weils; Screen Depth
3 10 '
3 18 80 (o water table)
Hole size & -
Casing 4
F.  Air Sparging Well Construction !
Type Rotary auger
No. of weils 1 One
Depth . «'
Hole size ¢
Casing size 4
Ae line 2° PVC, well compieta with bottom cap, bentonits seal and inflatable-packer
G. Vaive Boxes 4)
Type Below grade/cast iron construction
Size x2'x71
Additional features Gravel packed bottom
H. . Trench Construction
Type Cut and cover
Depth 1 foot below grade
Layout 4° VG pipe
Length 50 feet
‘ Cover Concrete
)
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TABLE 7. CAPITAL COSTS

fe—o - .-
install /labor Equip./matl. Total
Hem/description coet {$) coat ($) . coat ($)
1. WELLS
Air sparging wed 2,000 1,000 3,000
Extracton weils 4,000 1,800 5500
Monitoring wells 3,000 1,900 4,300
Vaive boxes R- ] L.000 L0
SUBTOTAL $10,500 © $5.500 $16.000
2. EQUIPMENT
Air compressor 1,500 3.000 4,500
Vacuum blower 2500 9,500 12,000
Separstors 11,600 23200 34,800
Blower housing A0 S.000 L0
SUBTOTAL $18,100 $41,700 $50.800
3. MECHANICAL/PIPING
Welhead pits (4) 2.000 1.200 3200
Weil pipe & fittings 3,000 1,500 4,500
Pipe 5,500 4,000 9.500
Vaives & fittings 1,500 2.100 3,600
Testing -0 -0 100
SUBTOTAL $12,800 $14,700 $27,500
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TABLE 8. OPERATION AND MAINTENANCE COSTS

arnustcoss |

Power . 8,000
Off-gas emusssons control' 120,000
Maintenance 5,000
Monitoring? ' 34,000
Labor 15,000
Contingency 10,000

TOTAL $192,000

Assumesanavefagousgedaoomb permcﬁtofgraruaracﬂvatedwbon. The price includes
transportation and off-site regeneration.
? Assumes twice a month evaluation of extraction wall concentrations with a portable GC.
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SECTION 6
RESEARCH NEEDS

Alr sparging, in combination with soil vapor extraction, promises to be a cost-effective, relatively simpla’
technology for remadiation of volatie organic contaminants in the saturated zone. The recent advent of
this technology suggests the need for additional theoretical evaluation of the design of air sparging systams.
A review of avaiable literature on air sparging technology indicated that the technology, through a topic of
research, employs systems that are designed according to the resuits of pilot studies or empirical data.

An understanding of the process, and of the important design parameters that go into the development
of a predictive mathematical model, are essential prior to field implementation. Several attributes,
mechanisms, and phenomena (such as dissolution, partitioning, etc.) related to air sparging require further
research. For example, although it Is clear that mass transfer plays the most important role in the
remediation of chiorinated VOCs, the role of blodegradation during air sparging of petroleum-contaminated °
aquifers has not yet been fully demonstrated.

SATURATED ZONE YAPOR PHASE

The nature of the saturated zone vapor phasa requires further definition. Conflicting opinions state that
the air passing through the saturated zone travels in the form of bubbles or in a continuous phase passing
through pathways in the soi, or in some other form.

Clearly, the transfer of oxygen to the saturated zone is key to bioremediation during air sparging. The
transfer of contaminants from soi and water to the vapor phase is also important for removal of
contaminants. if these transfer mechanisms can become effective, the rate of contaminant removal would

increasa significantly. For example, an increase in surtace area between the vapor phase and the soils and
groundwater would Increase the rate of mass transfer.
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Subsurface air injection requires additional study:

. What is the optimai well screen size for air injection?

« ' Does the injection of aif in the form of microbubbles sigr  2tly improve the mass transfer?

. What Is the correlation between soil perrneabiity aquifer . 77, and optimal injection pressure?

° How much of the injected air is recovered in the SVE  ::om, and what is the fate of the
unrecovered air?

SYSTEM DESIGN AND INSTALLATION

Alr sparging systems have used various well configurations a:+ ::igns. Dependirig on the type of
contaminants, location within the aquifer, and plume shape, some . 118 are more effective than othaers.
Additional research should address the following issues: '

e What is the optimal ratio of sparging to extraction wells? ‘
o Shouk the system be designed differently to enhance biodega<.itlon as opposed to enhancement
of mass transfer of contaminants?

OPERATING CONDITIONS OF SYSTEM

‘Analysas of soll venting systems indicate the system Is mcs: cost effective during intermittent
operations. This allows the soil to equilibrate with the soil vapor so tf.:! more contaminants can be removed
with lower energy costs. Cartainly, if a site remediation is to operats {or saveral years, puising the bicwer
operation can achieve a‘signiﬁant cost savings. Simiarly, puised op==tion of an air sparging system may

‘save energy. Several questions remain unanswered regarding this rde of operation:

o What is the optimal interval for operating the vacuum biowess and air injection equipment?

« Can the blowers and air injection equipment be pulsed simuitaneously, or should they be pulsed
at different intervals {l.e. operating the vacuum blowers longer than the air injection equipment) to
prevent vapor miglaiion 1o uncontaminated areas?

¢ What are the optimal Injection and vacuum pressures?
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" RESEARCH METHODS

Many quastions remain unanswered regarding air sparging technology. Various phenomena, such as
air transport, can bae studied on the bench scale. Howaever, since air sparging is an in situ system, various
operating conditions, such as puised operation and system pressuras, must be analyzed in an actual field
environment. '

S T k$3‘0385



" REFERENCES

Anastos, G.J., et. al., "Innovative Technologies for Hazardous Waste Treatment,” Nuclear Chemical Waste
MQQMVG 8, No. 4, p. 268.

Amsto&G M.H. Corbin.MF CQIa.'lnsltuAlrSuippinqofSoul FieldPlotsmdlesThrwgh
lmplamemaﬁon. WW 19, 1967, p. 163.

: 2 3 AppendixJ In Situ Vacuum Extraction
and Alr Strlppmg of Volatﬂe Orgamc Compounds. September 1988. EPA/540/2-88/003

Baehr, AL, G. Hoag, M.C. Maﬂey "Removing Volatie Contaminants Fromthe Unsaturated Zone by inducing
AdvecuveAlr-PrasaTmnspon. J. contam. Hydrol., Vol. 4, No. 1, 1989, p. 1.

Bloremediation in the Fleld, OSWER/ORD, March 1991. EPA/540/2-91-007.

- Brown, RA, R. Fraxedas. Ground Water Technology, Inc. Alrépamlng - Extending Volatilization to
Contaminated Aquifers. Prepublication Draft presemed at the MM_MMMM

‘rm‘ H

Brown, RA,, C. Hefman. and E. Henry *Use of Aarat!on In Environmental Gean—ups, Prepubllwaﬁon Draft
presented at Hazte 1 h are

Brcwn R.A and F. Jasmlewicz. *Alr Sparging A New Modal for Remedlation g u;bn Engnngﬂm, July
1992, p. 52-55.

Coia, M.F., M. H Corbin. G Anastos. *Soil Decontammﬂon Through ln Sltu Alr Stripping of Volaﬂe Organks
: ] - Pre

Croise, J. W. Kinzelback, and J. Schmolke, "Computation of Alr Flows in the Zone of Aeration During In Situ

Remediation of Volatie Hydrocarbon Spills. Contaminant Transport In Groundwater, Balkema, Rotterdam,
1989.

&W_ﬂﬁgﬁ Quarterly Environmental Report, First Quarterly Report 1968, NTIS Accession
Number: PB89-146245/XAB.

Gudemann, H and D. Hiiler. Amlysis of Vapor Exxracﬁon Data From Appllmtions in Europe Presented

La. April 1g-14, 1@

AR310386



Harress Geotechnics, Inc., “Investigation and Remediation of Soil and Groundwater Contaminated by Voiatile
Organic Compounds (VOCs),* March 14, 1988,

Harress Geotechnics, Inc., "Selected Casa Histories for Vapor Extraction/Groundwater Aeration Systems
(VE/GA Systems) for in Situ Remediation of Grouncwaters Containing VOCs,* 1889.

The Hazardous Waste Constitant, “Alr Sparging Improves Effectiveness of Soill Vapor Extraction Systams,*
March/Aprit 1991, p. 11.

Herrling, B., W. Buermann, and J. Stamm, University of Karisruhe, Germany, *In Situ Remediation of Volatile
Contaminants in Groundwater by a New System of "Vacuum-Vaporizer-Waells," To be published in Weyer,
KU. (ed.): Subsurface Contamination by immiscible Fuids. A.A. Balkema, Rotterdam, 1991.

Herling, B., J. Stamm, W. Buermann, University of Karisruhe, *Hydraulic Clrculation System for in Situ
Bloreclamation and/or In Situ Remediation of Strippable Contamimﬂon, To be publlshed in Proceedings

{ in n-site 8 int. . M 1 n Ol if.
Kaback, D.S., B.B. Loonay, In-gity Air Stripping T Pr Modifications: Hori

Wells AMH-1 AMH- h Riv Department of Energy, Report No: WSRC-RP-89-0544, NITS
Accession Number: DES0000652/XAB. ,

Kaback, D. S B.B. Looney et. al 'Horizomal Weils for in-Situ Rsmedlation of Groundwatef and Sods.

NTIS Accessm Number 0589010456/)0\8

Kaback,D 8.B. Looney.etal 'lnnovativeGroundwaterandSoiRemediatlon lnSltuAlrStrippmgUslng

Kaback, D.S., B.B. Loongy. Final Program Plan. R n_H Well Drilli
_ag_mgggg, Technical Division, Savannah River Laboratory, February 22, 1988, DES9000010.

Kasbohm, P.L, D.A.Heely E.s Wed(.'lnSltuSoiVent!aﬁon ACaseStudy' In: _M_QM_

Koituniak, D. “In Situ Alr Stripping Cleans Contaminated Soi,” Chemical Engineering, August 18, 186, p.
30. ‘

Kresge, M.W., and M.F. Daeey, 'An Evaluaﬂon of in Snu Groundwater Aeration,‘ In: _g;_m_gs_q_m

int tional 11-1 1, Dall T

Marley, M.C., “Alr Sparging in Conjunction with Vapor Extraction for Sourcs Removal at VOC Spill Sites,*
Prasented at the Fifth Nat ¢ Acti nferen

Mariey, M.C., D.J. Hazebrouck, and M.T. Walsh, “The Application of In Situ Air Sparging as an Innovative
Soils and Groundwater Remediation Technology,” GWMR, Spring 1992, p. 137-144,

62

o AR310387




Marley, M.C., M.T. Waish, P.E. Nangeroni, *Case Study on the Application of Air Sparging as a
ComplimentaryTechnologyto Vapor EnracznonataGasohne Spill Site in Rhode island,” Proceedings of the

HMCRI's 11th An November 26-28 1990,
Washington, D.C.

‘Marley, M.C., Waish, M.T., and Nangereni P.E. Vapex Environmental Technologies, Canton. Mass., The
Application of Vapor Extraction and Alr Sparging Technologles to Achieve Claanup at a Gasoime Spill Slte.
Presented at the ASWMA Int *H n_i n?.° n

Middteton, AC., D Hiller, *In sxtu Aemtion of Groundwater A Technology Ovemew Presented at A
o A o 83 : 8 he Pet ning

MWR, Inc., *Case Study of Truck Distribution Center, Indianapalis, Indiana,* 1991:

Pleiffer, T.H., T.J. Nunno, J.S. Walters, "EPA’s Assassment of European Contaminated Soil Treatment
Techniques,® Environm Pr re ENVPOL Val. 9, No. 2, p. 79, May 1990,

Radcenko, L., J. Hauslced'u. 'New Poss&biities and Methods of In snu Groundwater Treatment ln Gravel
Sand Aquifers,” : :
W@mm IAHS Publuﬁon No 136, ProeeedlngsofaSymposzum held at the
First Scientific General Assembly of the IAHS at Exeter, England, July 19-30, 1982, p. 121.

Regalbuto. D P., J.A. Barreta. J.B. Usiecid, *in Situ Removal of VOCs by Means d Enhanced Volatﬂzhﬂon,
q Q g = d Wat B

am_eﬁggm Asocaaﬁon of Ground Watef Sc&enﬁsts end Engineers and AP! . Navember 9-11 1988.
Houston, Tex.

Synopses of Federal Demonstratlons of lnnovaﬁve sue Remediation Technologies, Member Agencies of the
Federal Remediation Technologies Roundtable, May 1991, EPA/540/8-91/009.

Underground Tank Technology Update, Dept. of Engineering Pfdm Development, The Couege of
Engmeenng. University of Wisconsin-Madison, Vol. 6, No. 3, 1992, .

Wehrle, &. “In Situ Cleaning of CHC Contaminated Sites: Model-Scale Experiments Using the Alr Injection
(In Situ Stripping) Method in Granular Soils. In: Contaminated Soils '90, Arenak, F., Hinsenveld, M. and
van den Brink, W.J. (eds.). Kluwer Academic Publishers, Netherlands, 1990., p. 1061.

Yow, J.L. “Air Injection to.ModHy Groundwater Flow." Ragdioactive Waste Management, March 1882, p. 203.

TU.S. GOVERNMENT PRINTING OFFICE: 1992 - 643-003/60059

AR3 10388



< EPA

United States
Environmental Protect:on

Agency

Risk Reduction
Engineering Laboratory
Cincinnati, OH 45268

Research and Development

" EPA/600/SR-82/173 September 1992

Project Summary

A Technology Assessment of Soil

Sparging

Mary E. Loden

In recent years, there has been a

~ strong movement away from the tradi-

tional methods of remediating sites

- contaminated with volatile organic
-compounds (VOC), (capping the site

and pumping and treating groundwa-
ter), to the more cost effective treat-
ment consisting of in situ air sparging
and soil vapor extraction (SVE). SVE,
by itself, has enjoyed an excellent ac-
ceptancs in treating VOC contaminated
vadose zones. Air sparging of the
saturated zone has added an important
new dimension to the in situ troatment
of contaminated sites. Areas below and

-in the watar table are able to be stripped

of VOCs using this technology, thus
making it possible to substantially de-
crease the length of time required to
achieve site closure.

The full report discusses the basics
of /n situ air sparging system dasign,
presents case studies of documentad
applicatlons, includes a section on
process component costs including a
conceptual cost estimate for a hypo-
thetical site, and finally outlines the

_research needs raquirad.

This Project Summary was developed
by EPA’s Risk Reduction Engineering
Laboratory, Cincinnati, OH, to announce
key findings of the research project

" that is fully documented In & separate

report of the same title (see ordering
information at back).

Introduction

Air sparging, also called “in situ air
stripping" and “in situ volatilization,” is a
tachnology used to remove VOCs from

‘Vapor Extraction and Air

. the subsurface saturated zone. it intro-

duces contaminant-free air into an affected
aquifer system; this forces contaminants
to transfer from subsurface soil and

. groundwater into sparged air bubbles. The

air streams are then transportad into sail
pore spacss in the unsaturated zone where
they can be removed by SVE.

Air sparging systems must operate in
tandem with SVE systems that capture
volatile contaminants stripped from the
saturated zone. Using air sparging with-
out accompanying SVE could create a
net-positive, subsurface pressure that
could extend contaminant mlgratxon to as-
yet-unaffected areas and increase the
overall zone of contamination. Without
SVE, uncontrolled contaminated soil vapor
could aiso flow into buildings (e.g., base-
ments) or utility conduits (e.g., sewers),
creating potential explosion or heaith haz-
ards.

The effectivenass of combined SVE/air
sparging systems results from two major
mechanisms: contaminant mass transport
and biodegradation. Depending on the
system configuration, the operating pa-
rameters, and contaminant types found
onsite, one mechanism usually predomi-
nates. In both remediation mechanisms,

* oxygen transport in the saturated and un-

saturated zones plays a key role.

The nature of air transport affects mass
transfer to and from the groundwater re-
gime. Bubbles exhibit higher surface area
for transfer of oxygen to the groundwater
and for volatile migration to the unsatur-
ated zone than does the area provided by
continuous, irregular air-flow pathways.,

@ Printed on Rscycled Paper
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SVE/AIr Sparging Technology

Mass Transfer

Mass transfer employs several mecha-
nisms that move contaminants from satu-
rated zone groundwater to unsaturated
soil vapors. Figura 1 illustrates the follow-
ing major mechanisms: (a) dissolving soil-
sorbed contaminants from the saturated
zone to groundwater; (b) displacing water
in scil pore spaces by introducing air; (¢)
causing soil contaminants to desorb; (d)
volatilizing soil contaminants, and (e) en-
abling soil contaminants to enter the
saturated zonse vapor phase. Due 1o the
density difference bstween air'and water,
the sparged air migrates s in the
aquifer The pressure gradient resuiting
from the creation of a vacuum in the un-
saturated zone pullg the contaminant va-
pors toward into the SVE welis.

Blodegradation Mechanism
Aerobic biodegradation of contaminants
by indigenous microorganisms requires the
presence of a carbon source, nutrients,
and oxygen. Air sparging increases the
oxygen content of the groundwater and
thus enhances aerobic biodegradation of
contaminants in the subsurface. Certain
organic contaminants, such as petroleum
constituents, serve as a carbon sourcs for
microorganisms under naturally occurring

conditions. The rate of biodegradation can -

be anhanced by optimizing nutrient status
of the systam.

Remediation of an aquifer via the bio-
degradation mechanism has distinct ad-
vantages since a portion of the contami-
nants will be biclogically degraded to car-
bon dioxide, water, and biomass — yisid-
ing a lower level of VOCs in the extracted
air. This in turn can substantially reduce
vapor treatment costs. The possibility of
offsite contaminant vapor migration is also
reduced when -sparged vapors antering
the vadose zone contain lower levels of
contaminants.

Certain contaminants, such as chlori-
nated solvents, can undergo bicdegrada-
tion under anaerobic conditions. Air
sparging, in these instances, could ad-
versely aftact this biodegradation process.

Requirements for Effective Air
Sparging

Applicabllity of Alr Sparging

Some of the conditions that affect the

applicability of this tachnology are:

+ depth to groundwater — a water table
located at a shallow depth (<5 ft) may
increase the difficulty of recovaring
vapors with the technology.

+ volatility of contaminants — com-
pounds should have a high volatility.
With Henry's Law Constants of at least
10% atm-m%mol.

+ solubility of contaminants — in gen-
eral, compounds that are very soluble
in water are not easily air stripped.

+ soil permeability — injec m
flow freely throughout t ra
Zone to achieve adequate Temo

rates. Soil permeability should be
least 10° cm/sec for air sparging
be effective.

» aquifer type — generally, air sparg
should only ba used on sites s
uncontined aquifars.

Alr Sparging Apparatus

The major components of an

sparging system includse:

+ oxtraction, sparging, and maniton
wells,

« mechanical squipment — air co
prassors and vacuum blowers.

+ vapor treatment system including ¢
wator saparator, emissions cont
systems such as granular activat
carbon canisters, thermal oxidize
and catalytic oxidizers.

* instrumentation — analytical equ
ment. .

The combination of air sparging a

SVE systems provides a cost-sffective
situ technology for the remediation of VC
contaminated sites.
Future Research

Despite the many air sparg’an
tions — over 30 in Europe alo he
is much about the technology that s
requires further investigation. The natu

. . ; : . Prassura
’ Vaporization Saturation Zona Density Unsaturation Zone Extracted Air
Soi . Vapor Phase T Gradient Vapor Phase Gradiant
. N Pressure
. | Dissolution Stripping |  Saturation Zone Density | Unsaturation Zone Extracted Air
Soil : Groundwater Vapor Phase Gradiont Vapor Phase Gradient
i i Density | Unsaturation Zone |__Pressure ,
Stripping Saturation Zone nsa ) Extractsd Air
Groundwater - Vapor Phase Gradient Vapor Phase Gradient

Figure 1. Mechanisms of mass transport during air sparging. (* Mechanisms enhancad by air sparging.)
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of the saturated zone vapor phase re-
quires further definition. Subsurface air
injection requires additional study includ-
ing the researching of phenomena such
as dissolution and partitioning. Validation
of developed mathematical ‘models is an
area of key :ntarest.

Document Contents

The document summarized here pre-
sents an overview and an assessment of
the state-of-the-art in SVE and air sparging
technology. It was written specifically for

state and local regulators, agency staff,

and those involved in remedial design and
operations who desire a basic under-
standing of the technology's principles,
applicability, operations, and cost.
Section 2 provides a description of the
process including subsurface mechanisms

involved in stripping contaminants from

the saturated zone. Various parameters
that affect the applicability of the technol-
ogy are discussed such as depth to
groundwater, volatiity of contaminants,
solubility of contaminants, site parmeabii-
ity, aquifer type, and soil type.

Section 3 presents a description of and
details on a numbser of actual air sparging
installations both in tha United States and
in Europe. _

Section 4 gives an overview of the de-
sign considerations for the various sle-
ments that go into the makeup of an SVE
and air sparging installation including in-
jection well characteristics, configurations,
and radius of influence. The factors that
go into the selection of mechanical aquip-
ment are also discussed.

Section 5 discusses the capital costs

and operating costs of the components of
the technology, including well instaliation,
mechanical equipment such as compres-
sors and vacuum blowers, emission con-
trol equipment, and instrumsntation. A
conceptual estimate for a hypothetical site
contaminated by petrcieum hydrocarbons
from a leaking underground storage tank
is presented.
- Section 6 discusses future research
neads in the areas of further dsfinition of
saturated zone mechanisms and system
dasign and oparations.

The full report was submitted in fulfifi-
ment of Contract No. £8-03-3408, by Camp
Dressar and McKee, Inc. under.the spon-
sorship of the U.S. Environmental Protec-
tion Agency.
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